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Design and Construction. 


The great variety of methods of construction 
described in this issue of The Engineering Rec- 
ord will bring home to the reader an apprecia- 
tion of the present importance of designing many 
classes of civil engineering structures with as 
much regard to the way they are to be built as 
to the nature of the service they are to perform 
after their completion. While it does not often 
happen that the conditions of construction will 
have much influence in fixing the general outlines 
of an engineering undertaking like a dam or 
bridge, they will affect its details in many cases, 
and sometimes to a marked degree. For this 
reason it is highly desirable that the designing 
office should be familiar with the latest novel- 
ties in construction methods, for it is only by 
possessing such knowledge that the office force 
can plan structures giving the maximum return 
for the money invested in them. This knowledge 
is particularly useful in drafting specifications 
concerning the manner in which work shall be 
carried on, for the well-informed specification 
writer can often save a client considerable money 
by outlining alternative methods of construction. 
A notable instance of this was afforded by the 
specifications for the Detroit River tunnel of the 
New York Central lines, which outlined four 
methods of construction acceptable to the engi- 
neers. A review of these requirements 
printed in this journal on Feb. 17. 


was 


Another feature of the articles in this issue 
which stands out prominently is the importance 
of the engineering contractor. This is no more 
conspicuous in the case of the Blackwell’s Island 
bridge, a structure depending as much for its 
design on the Pennsylvania Steel Company as on 
the Bridge Department of the City of New York, 
than in many of the less conspicuous works de- 
scribed. This is a feature of engineering work 
which should allay the apprehension some people 
feel concerning the future of the hosts of young 
people emerging annually from the portals of 
technical schools. There is a demand for such 
young men among contractors, and it will be 
greater soon. Already there are many contrac- 
tors who have a high position in their business 
who began their work as engineers, and it is 
interesting to observe that in any kind of con- 
tracting calling for more information than a 
knowledge of trades and the ability to handle 
men well, the engineer has already won recog- 
nition as an indi$pensable factor. This is not 
surprising when it is considered that a contractor 
with engineering knowledge is able to appreciate 
fully the technical reasons for minor details of 
the plans and is thus more inclined to help the 
designing engineer than is a contractor without 
such knowledge. 


Now that engineering undertakings have as- 
sumed such large dimensions, the distinction 
between the office engineer and the field engineer 
is more marked than ever before. The demand 
for plans keeps the office staff busy, while the field 
work leaves the resident engineers little time® 
for designing more than details of plant or meth- 
ods of handling work. In this way the resi- 
dent engineer is being trained along the lines 
which will make him a good engineer for a con- 
tractor’s staff, and, if he has the business ability 
in him, a contractor-engineer himself. The old 
prejudice against contractors which once was 
shown so strongly in some engineering circles is 
disappearing rapidly before the indisputable fact 
that among contractors to-day are to be counted 
many of the best engineers of the country, men 
who do just as good designing work in laying 
out their plants and detailing their methods as 
do the office engineers whose plans and specifica- 
tions are the basis of a contract. 


The {Height of Manufacturing Buildings 


The height of manufacturing buildings is a 
problem in mill architecture concerning which 
there is a great diversity of practice, probably 
because very little study has “ever been given 
to it. There is nobody better qualified to ex- 
press an opinion on the subject than Mr. James 
H. Edwards, assistant chief engineer of the Amer- 
ican Bridge Co., and The Engineering Record 
has accordingly invited him to discuss in its edi- 
torial pages this important feature of industrial 
plant design. 


The height of a manufacturing building for 
a one-story structure is usually considered the 
distance from the ground floor to the lowest part 
of the overhead roof supports, while for struc- 
tures more than one-story high it is the distance 
from finished floor to finished floor, the effective 
height being reduced by the thickness of the floor 
construction. Proper lighting, heating, ventila- 
tion, and the character of the product, together 
with its method of manufacture, are the factors 
determining the height of a factory building. 
Such a structure in its simplest form is a house 
to protect the workman and his tools from the 
variable conditions of the weather. From this 
simple type progression is made by various stages 
to the structure which isa great tool in itself, 
specially adapted to produce, with the machines 
it contains, the plant’s output at a minimum cost. 

For proper lighting, other considerations being 
neglected, and providing light is not obstructed 
by adjoining buildings, an ordinary shop build- 
ing should have a clear height of about one- 
fourth of its width. This applies to buildings 
up to the limit of simple spans, or 100 ft. wide 
and less. On this basis a building 50 ft. wide 
should not be less than 12 ft. high, which should 
be the minimum for any building in a temperate 
climate. For structures in tropical countries the 
minimum should be 15 ft. A building 80 ft. wide 
should be 20 ft. high, and for 100 ft. width 25 ft. 
would be the height for single structures, proper 
lighting and ventilation only being considered. 

The above observations have been made with 
one-story structures in mind, but they also apply 
to the upper story of buildings of more than one 
story. The height of the lower stories should 
be increased over the dimensions determined as 
desirable for a one-story structure used for the 
same purpose, with the lower story the highest. 
This increase in height is to obtain light, and the 
practice is to increase the story next to the top, 
say 2 ft., while the bottom story, to obtain equal- 
ly good light, should be 4 ft. higher than the top 
story. 

The heating of buildings in cold climates is 
a feature to be considered, and in some locali- 
ties is a maintenance expense that assumes seri- 
ous proportions. The greater the height of a 
building the more heat required, so from a finan- 
cial standpoint it may be advisable to reduce to 
18 ft. the height of a building 80 ft. wide and 
forego some of the advantages of better light 
obtained by a higher structure. 

When a building -is considered as a part of 
the mechanical equipment, the character of the 
product and its method of production should 
be the governing factors in determining the 
height. The framework may support the shaft- 
ing and the trolley runways, or it may be ar- 
ranged for traveling cranes. The proper disposi- 
tion of these features is of vital importance, 

If the building is to carry shafting supported 
from the girders or trusses overhead, a clear 
height of 14 to 16 ft. should be maintained. If 
trolleys for light work are operated on run- 
way beams attached to overhead supports, 16 ft. 
is usually the minimum height, while for heavy 
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work or handling large pieces, the trolley beams 
should be 20 to 24 ft. high. 

When traveling cranes are installed, the height 
must be determined by the capacity of the cranes 
and the methods of handling the work required 
for the shop’s product. The customary practice 
for ordinary work is to obtain a height of about 
20 ft. under the crane, which means a height 
of building of 24 to 30 ft. This is the usual con- 
struction for machine shops and foundries. As 
the product to be handled increases in size and 
the cranes in capacity, the heights necessarily 
increase. Luildings designed for special pur- 
poses, such as erection shops for engines, pumps, 
and electrical machinery. are fixed in their height 
wholly by the space reyuired to assemble the 
work conveniently. These buildings are often 
equipped with cranes at two levels, a lower one 
at the ordinary machine shop level, 20 to 24 
ft. from the floor, and an upper crane sufficiently 
high to pass over the lower one, or 30 to 35 
ft. from the floor. Such a building will have 
to be 4o to 50 ft. high. 

Boiler shops, where extreme sizes of marine 
boilers are made, require a height of about 60 
ft, and are the ‘highest of the manufacturing 
buildings usually encountered. 

Assuming ‘usual conditions, a manufacturing 
building erected in the open, one-story high, with 
a width of 60 to 7o ft. having shafting at- 
tached to the roof supports and provided with 
overhead trolleys, should have a clear height of 
about 16 ft. If the machines in such a building 
are all motor: driven and no overhead shafting 
or belting is required, this height had better be in- 
creased to 18 ft. Smith shops and foundries 
should be somewhat higher than machine shops 
in order that better ventilation may be secured. 

The limits of this article will not permit taking 
up in detail the different classes of manufactur- 
ing buildings and giving an example of each 
under. its posstble conditions, therefore only a 
brief general outline has been attempted. The 
tendency is to make buildings too low. It is 
better to be liberal in this feature; then as the 
product increases in size, as it usually does, the 
structure can be readily adapted to the changed 
conditions. James H, Epwarps. 


The Contractor’s Transportation Problems. 


The handling of materials on a large con- 
tract is a problem having a far greater effect 
on the cost of operations than a casual observer 
would believe. possible. One of the famous 
building contractors of the country once assert- 
ed that before the advent of the Norcross-type 
derricks it cost him more to move a-large block 
of stone around two sides of a building site 
than to ship it 500 miles by railroad. Allowing 
for overstatement due to marked satisfaction 
with’ such derricks, the fact remains that even 
in the case of such a limited area of operations 
as a city block, the handling of materials is a 
problem second only to the handling of the men. 
Where the works are of large extent and locat- 
ed at a considerable distance from the railways 
the problem becomes still more complicated. In 
work on a navigable body of water, a dilapidated 
steam tug or wornout freight boat is often put 
in service long enough to worry all the con- 
tractor’s representatives by its perverse habit of 
breaking down; then the shipping is let to some 
vessel owners who have the facilities for the pur- 
pose. In other cases, where there is a long 
haul by team and the amount of material to be 
handled is large, a considerable number of poor 
mules and horses and incompetent teamsters will 
often be engaged on the supposition that any 
old thing is good enough for transporting build- 
ing materials, provided a good superintendent 
is engaged to manage the work. The result is 
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generally disastrous, and after a hopeless strug- 
gle against the combination of incompetence and 
poor equipment the hauling will probably be let 
to sub-contractors for teaming. This transpor- 
tation problem has assumed serious proportions 
on some extensive contracts in the West, where 
it has been found exceedingly difficult to col- 
lect a force of competent men and good teams. 

As a general proposition it may safely be as- 
serted that there is no single feature of construc- 
tion work that will repay investigation better 
than that of transportation. Many undertakings 
are situated on railroad lines and the handling 
of materials is accordingly a simple matter. 
But wherever much teaming has to be done in 
either cities or the country, some of the many 
forms of mechanical transportation deserve 
study. Industrial railways, traction engine trains 
and motor wagons offer possibilities that are little 
appreciated. 


The Recommended Plan for the Panama 
Canal. 


In the last issue of The Engineering Record 
some general comments were made on the Isth- 
mian Canal situation as developed by the Presi- 
dent’s letter transmitting to Congress the reports 
of the Board of Consulting Engineers and the 
Canal Commission on the type of canal. There 
are indications that the actual character of the 
plan of the minority of the Board of Consulting 


- Engineers is not fully realized, and it is there- 


fore of importance to give that plan careful con- 
sideration. In doing this the terminal harbors 
and approach channels, not necessarily: being af- 
fected by the character of the canal. proper, will 
not be discussed; a well-considered endeavor 
seems to have been made to secure a suitably 
protected harbor at Colon and direct entrance 
channels of abundant capacity at both terminals. 

The prominent features of the recommended 
lock plan prepared by the minority of the Board, 
already described in this journal, are the 85-it. 
summit level, the great earth dam at Gatun, 7 
miles from Colon, with its top 135 ft. above mean 
tide, and smaller dams at or near La Boca, the 
series of three successive locks in the Gatun 
dam, the locks at Pedro Miguel, and the series 
of two locks at Sosa Hill at the Pacific end of 
the canal. It will be observed that the 85-ft. 
summit level of the canal extends from Gatun 


“to Pedro Miguel, and that the water surface 


of the terminal lake at the Pacific end of the 
canal has an elevation of 55 ft. above mean tide. 
The locks adopted by the minority of the Board 
are 900 ft. in usable length and 95 ft. in usable 
width. The Gatun lake floods 110 square miles 
of territory and forms a reservoir so great that 
no other control is needed for the floods of the 
Chagres River than their reception into it and 
their subsequent discharge through regulating 
sluices at the Gatun dam. 


The canal prism between the dam at Gatun 
and the two dams at the Pacific terminal con- 
stitutes almost the entire canal, as that portion 
between Limon Bay and Gatun is really a part 
of the approach channel. The main contention of 
merit made for the recommended plan is based 
largely on the amount of lake navigation result- 
ing from the creation of the terminal bodies of 
water, about one-seventh only of the total length 
of waterway having a channel less than 300 ft. 
wide while more than two-thirds has a width 
of 500 ft. or more. This lake navigation certain- 
ly has its advantages, but it also has serious dis- 
advantages. There is a large amount of chan- 
nel whose submerged borders are sources of 
danger to ships at speeds greater than those per- 
missible in a narrow channel. Navigation be- 
tween stich submerged banks is by no means 
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.free open-water navigation, although the claim 


has been made that it is essentially so. There 
are comparatively short portions in the deepest 
parts of these terminal lakes where the conditions 
of deep open-water navigation are practically 
realized, but those portions are so limited that 
they do not exercise much influence on either 
the real freedom of navigation within the limits 
of the canal or the time of vessels passing through 
the latter. 

The discharge of the flood waters of the Cha- 
gres River directly into the lake is also an ob- 
jectionable condition. It is true that the water 
of the lake, when at its normal elevation of 85 
ft. above mean tide, will back up the Chagres 
River nearly to Alhajuela. It is a matter of 
universal experience, however, that where the 
total width of channel is no greater than that 
which will exist between Obispo and Alhajuela, 
high currents will take place over the course of 
the submerged channel and its effect will be 
constantly intensified in this case with the rapid 
increase of marginal vegetation in that portion 
of the Chagres under consideration. . The result 
will be a constantly increasing tendency to bring 
down silt and sand in comparatively large vol- 
umes into the canal channel below Obispo. It 
is to be anticipated that troublesome shoalings, 
perhaps to a large extent, would take place in the 
vicinity of Obispo in consequence of this action. 
Experience in maintaining similar submerged 
lake and river channels indicates that this fea- 
ture of maintenance of a submerged channel like 
much of that in Gatun Lake would be costly. 
No allowance has been made in the estimate of 
cost of the recommended plan for this main- 
tenance. 

It is well to observe, in passing, that as the 
Chagres sediment above Gamboa would be en- 
tirely held in Gamboa Lake, in the sea-level 
plan, and as that from the contributary streams 
below Gamboa would all be held in other basins, 
a sea-level canal would be free from this charge 
of maintenance. This serious feature of the 
deterioriation of the submerged lake channel, act- 
ing practically as a basin for the reception for 
nearly the entire sedimentary discharge of the 
Chagres from its headwaters down to Gatun, is 
a vulnerable point of this plan. 


The weakness of the lock feature of any great 
ship waterway constructed as a lock canal has 
been convincingly set forth in the report of the 
Board of Consulting Engineers, and it needs but 
little comment in a technical journal. It is a 
matter of regret that the concise and forcible 
treatment of the lock feature of the recom- 
mended plan, found in the report, cannot be put 
in the hands of every citizen interested in this 
great project. These objections have been met 
by the advocates of a lock canal only. by an 


attempt to minimize them. Their existence can- 


not be denied. It is said that these dangers “by 
proper safeguards can. be made very 
small.” In other words, this great waterway 
should be hampered and even controlled by main 
features of construction, the operation of which 
must necessarily be attended with the gravest 
hazards, on the ground that, by various com- 
binations of safety regulations or appliances which 
experience shows will probably not be available 
when most needed, such dangers may “be made 
very small.” If there is any one thing more 
imperative than any other in this great engineer- 
ing work it is that the plan and actual operation 
of the canal should both be of such character 
that all sensible danger would be avoided rather 
than courted under a palliative plea that regula- 
tive measures and appliances may make them 
small. ; 

In view of the experiences at Sault Ste. Marie, 
to which reference is frequently made in the re- 
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port, it is incomprehensible what should have 
induced the recommendation of so smali a lock 
as one having a usable length of 900 ft. and a 
usable width of 95 ft. The 1,000x100-ft. usable 
dimensions of the Board’s report are small 
enough. The Panama ship canal is no place 
for paring down dimensions of the essential fea- 
tures of construction of that great waterway for 
the purpose of a small reduction in cost or for 
any other purpose. The United States govern- 
ment is amply able to build the ship canal across 
the Isthmus which the statute requires and no 
cheap makeshift should receive serious consid- 
eration. The proposed locks have practically the 
same capacity as the present Poe lock at the 
Soo, and the accommodations there have already 
been found so limited that a lock of fifty per 
cent. greater capacity or more is about to be con- 
structed to relieve the present inconvenience of 


‘even interior navigation at that point. 


It is short-sighted and far from reaching an 
adequate conception of what is needed at the 
Isthmus to say that the traffic at Sault Ste. Marie 
is three times that of the Suez Canal, even in a 
limited season. The Panama canal is a water- 
way between oceans and not a canal between 
interior lakes.~ Its traffic will be carried in great 
ships to a large extent. Moreover, it should be 
given such capacity as to afford the freest possible 
accommodation for the great war ships of the 
future which the United States government may 
need, to transfer from one of its ocean coasts 
to. the other, The restriction of the capacity of 
the ‘Panama “Canal by» these small locks, for they 
are small in. view of the purposes for which they 
are designed, would be mal-administration of 
this great enterprise. Ships exceeding 800 ft. 
in. length dre already on the stocks, to be put 
into commission as soon as they can be com- 
pleted. When it is remembered that not less 
than ten years must elapse before this waterway 
is open for use, and bearing in mind the rapidity 
of increase of ships’ dimensions during the past 
ten or twenty years, with no reason at the pres- 
ent time to anticipate a decrease in that rate of 
growth of dimensions, it appears very unwise 
to choke the capacity of the. Panama canal with 
a series of such dwarf locks at each end. 


Much has been made of the statement that 
the submerged lake channels are capable of rela- 
tively easy and economical enlargement, as if 
that would in any way increase the capacity of 
the canal. Nothing is more fallacious. If the 
channel should be made 1,000 ft. wide and 100 
ft. deep from Gatun to Sosa Hill, obviously no 
increase of traffic would result unless the throt- 
tling locks were rebuilt of much larger dimen- 
sions. Such a rebuilding of the locks would ve 
so formidable and costly an undertaking that 
the Consulting Board was unanimous in the ver- 
dict that it would not be feasible to reduce even 
its own plan of canal with terminal lakes 
to a sea-level canal; much less was it contem- 
plated to be feasible to rebuild the locks with 
larger dimensions. If such a reconstruction were 
feasible even then it would be the height of 
business folly to build the Isthmian Canal: with 
locks so small that their reconstruction in any 
reasonable future period would be necessary. The 
one thing which Congress and the public should 
bear in mind most clearly in this business is the 
fact that if the Panama Canal should be built 
on the recommended plan, a restricted lock water- 
way, with all its dangers and limitations of traffic, 
would be fixed there for practically all time. No 
one can carefully read the report of the Con- 
sulting Board without seeing clearly that this 
conclusion was precisely what the Board had in 
mind; that was at least one point of agreement 
between the majority and the minority of the 
Board. 
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The essential impracticability of transforming 
a canal built under the recommended plan to a 
sea-level canal was indicated in the last issue 
of this journal. It is only needed here to add 
that the Consulting Board estimated the approxi- 
mate cost of reducing a lock canal practically 
identical with that of the recommended plan to 
a sea-level canal with the dimensions of the 
Board’s plan at $208,985,000, without allowance 
for contingencies. If the estimated cost of the 
lock canal of the minority plan, $139,705,200, be 
added to the cost of transformation, the partial 
cost of securing a sea-level canal by this method 
will be $348,690,000. The full cost of the ulti- 
mate sea-level canal would not be less than $400,- 
000,000, exclusive of interest charges, and it might 
be much more; nor can any reasonable estimate 
be made of the time required for the work, which 
would be an indefinitely long period ‘of years. 
These considerations show conclusively that there 
is no reasonable ground whatever for the expec- 
tation that a sea-level canal can be reached 
through the plan endorsed by the President and 
Secretary of War. 


A careful reading of the minority report dis- 
closes one or two serious facts regarding its esti- 
mate of cost, the first of which respects the land 
damages. The great terminal lakes of Gatun 
and Sosa cover an area of 118 square miles or 
75,520 acres, of which 58 square miles within 
the Canal Zone are owned by the United States. 
For some reason it is assumed that the land 
owned by the United States -has no value; at 
any rate, no charge is made against the project 
for this submerged territory. Apparently it is 
forgotten that land owned by the United States 
has the same market value as if it were owned 
by any other party. If such land were worth 
$1,000 per acre in the market for other parties, 
it would have an equal value for the United 
States. In other words, every acre of land sub- 
merged by these terminal lakes has value which 
must*be charged against the project, whether the 
United States government is its owner or a 
native of the Isthmus. Furthermore, it is to be 
observed that this flooded teritory includes about 
the most valuable lanl in the whole Republic of 
Panama, except the city properties of Colon and 
Panama, as it is the territory served by the 
Panama Railroad. It includes every railroad 
station and town at such a station from Gatun 
to Obispo, including those two, on the Caribbean 
side, and everything between the Culebra Cut 
and La Boca on the Pacific side, twelve or four- 
teen towns in all. It also includes banana plan- 
tations and valuable grazing lands, and consti- 
tutes a strip of country which, in the near future, 
would be covered by a large population engaged 
in agricultural and other industries characteris- 
tic of a prosperous and growing community. In 
other words it would destroy not less than four- 
fifths of that territory now constituting the popu- 
lated country between the two cities of Panama 
and Colon. 

It seems strange, therefore, that the minority 
report should base its valuation of this valuable 
property upon the silver prices at which the old 
Panama Canal Co. secured some of its lands 
about thirty years ago. Indeed, it scarcely seems 


. ingenuous to strike out all consideration, in the 


estimate of land damages, of 58 square miles 
owned by the United States and put a valuation 
of $7.70 per acre on the remainder. 

The Engineering Record has endeavored to 
inform itself as thoroughly as possible regarding 
all features of this great canal problem. It ap- 
pears that the United States government has 
paid possibly over $2,000 an acre for land in the 
vicinity of Ancon Hospital outside of the city 
limits of Panama, and that the new Panama 
Canal Co. has been compelled to pay a material- 
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ly higher price than that for “practically worth- 
less jungle” in the Rio Grande basin. Indeed, 
if the reported experience of the United States 
government in obtaining land thus far from the 
native owners is any indication of what it would 
have to pay for these valuable populated lands 
covered by the terminal lakes, the average price 
might be anywhere from $250 to $1,000 an acre, 
making a total of not less than $18,000,000 or 
$20,000,000 for the submerged land of the ter- 
minal lakes. While no exact estimate can be 
made of this item of cost it will certainly amount 
to many millions of dollars, and its omission 
conveys an impression of eagerness, doubtless 
unintended, to reduce the estimated cost of the 
recommended plan. 


The other serious defect in the estimated cost 
of the recommended plan relates to maintenance 
and operation, and here again there is apparently 
a desire to obscure a material portion of the 
cost of operation and maintenance of the lock 
canal by the endeavor to insert.an item equally 
great or greater upon the sea-level plan. While 
The Engineering Record does not believe that 
the minority of the Board had any expectation 
that their manner ,of presenting any feature of 
their work would have an ex-parte aspect, its 
report nevertheless has that character in a 
marked degree in the following respect. In the 
estimated annual cost of maintenance and opera- 
tion of the sea-level canal, as made by the minor- 
ity, agreeably to the method adopted by the 
French Co., there is found 0.7 per cent. of the 
total cost of excavation, amounting to $1,512,000, 
charged to maintenance, apparently to cover the 
annual cost of dredging in the prism of the sea- 
level canal. This was done because a similar 
estimate was made by the French Co. for the 
maintenance of the Suez Canal. Nothing could 
be much more unfair or unreasonable. The con- 
ditions attending the maintenance of the Suez 
Canal and the Panama Canal are about as dis- 
similar as any two conditions that can be imag- 
ined. Such an estimate would be true during 
some years for the light excavation of the Suez 
Canal, but would be little better than a wild 
guess for the Panama Canal. It has been shown 
above that while the entire sediment of practi- 
cally the whole of the Chagres River would be 
poured into Gatun Lake in such a way as to 
shoal the lock canal seriously at some points, 
practically none of that sediment would find its 
way into the sea-level canal. Consequently the 
cost of dredging the sea-level canal would be 
reduced to a very small minimum. 

It is difficult to find material elements on which 
to base the estimate of cost for this item of 
maintenance of the sea-level canal, for there 
would be little of this class of work to be done 
except in the approach channels at the terminals. 
Nor would there be any such item of mainten- 
ance as the dredging of the diversion channels, 
as they would maintain themselves like other 
streams. Looking at this matter in any reason- 
able way that can be imagined, it is difficult to 
make the cost of maintenance any more favor- 
able for the lock plan than the sum indicated by 
the Board’s report, which is at least $500,000 
more per year than that of the sea-level plan; 
indeed, it would be more likely $1,000,000. Capi- 
talizing this excess of maintenance of the lock 
plan at 3 per cent., as is done in the Board’s 
report, and adding to it the land damages caused 
by the two terminal lakes, there should be added 
to the estimate of cost of the recommended plan 
not less than $35,000,000 and perhaps double that 
amount, which would bring its total cost up to 
$175,000,000 to $200,000,000, which is the total 
expenditure this government will have to face 
if the work should be executed on the recom- 
mended lock plan. 


238 


THE ENGINEERING RECCRD. 


THE DANVILLE ARCH BRIDGE OF THE CLEVELAND, 


CINCINNATI, 


CHICAGO & ST. LOUIS RAILWAY. 


A Description oF A DousBie-TRACK REINFORCED CoNCRETE BripGE or UNusuAL DESIGN. 


A double-track . reinforced-concrete railroad 
bridge, 330-ft. long, with one tIoo-ft. and two 
80-ft. arch spans, has recently been completed on 
the Cairo division of the Cleveland, Cincinnati, 
Chicago & St.-Louis Ry., near Danville, Ill. This 
division of that road was originally built north 
from Cairo to Tilton, Ill, about 5 miles south 
of Danville, where it connected with the main- 
line tracks of the Wabash. R. R.. The Peoria 
and Eastern division of the same road is built 
east and west through Danville, but the Cairo 
division has only within the past year been ex- 
tended to connect with it, owing to the exception- 
ally rough country which-had to be crossed in the 
5 miles between Tilton and Danville in building 
such a connection. A double-track extension of 
the Indiana Harbor R. R. from Osborn, Ind., 
to Danville was started early in 1905, and trains 
have recently been put in operation on it. About 
the same time the Indiana Harbor extension was 
undertaken the complete reconstruction of the 


one end abutting against this precipitous bank. 
The remainder of the valley is crossed on a fill, 
60 to 80 ft. high and wide enough on top to 
carry two tracks, against which the other end of 
the bridge is built. : 
The 100-ft. arch is placed in the middle, with 
one of the 80-ft. spans on each end of the bridge. 
The large arch is carried at each end by a chan- 
nel pier; the stream end of each 8o0-ft. arch is 
carried by-one of these piers, and the other end 
by one of the bridge abutments. The rise of 
the 1oo-ft. arch is 4o ft. and its springing line 
is 26 ft. above the bed of the stream. The rise 
of both 80-ft. arches is 30 ft., but their springing 
lines being 10 ft. above that of the larger arch, 
the intrados at the crown of all three arches is 
at the same elevation, 70 ft. above the bed of 
the stream. The base of rail in the tracks carried 
by the bridge is 19.75 ft. above the extrados of 
the crown of these arches. The tracks rest di- 
rectly on a cushion of earth 5 ft. deep. Between 
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the ends. The longitudinal bars are 6 in. from 
the surface at the crown of the arch, from 
which point their depth of cover is increased tc 
2 ft. at the haunches. Just inside these bar: 
are 7%-in. transverse tie bars. The arch rings 
are also reinforced near the intrados with I-in. 
longitudinal ribs built up and spaced the same 
as those near the extrados. The ends of these 
ribs are anchored in the masonry of the haunches. 
This reinforcement is arranged and the structure 
was built so that the three main arch rings are 
practically a monolith. 

The series of transverse spandrel arches is 
built in three sections, one over each main arch 
ring, and the arches in each section tied together 
by reinforcement. The arches in each section 
are also separated from those in the adjacent one 
by an expansion joint at the top of each of the 
two transverse spandrel arch bench walls over 
piers for the main arches. The details of one of 
these joints is shown in one of the illustrations. 
The bench wall was brought up to 2 ft. below 
the top of the bridge floor, then 4-ft. lengths of 
railroad rails were ‘placed in the concrete parallel 
to the longitudinal center line of the bridge. The 
rails were set on 4-ft. centers with the ball of 


me 


View of Upstream Face of Danville Arch on the Big Four Railway. 


Cairo division and a double-track extension of 
the latter from Tilton to Danville was com- 
menced. These improvements form a direct con- 
nection with the coal fields of Indiana and II- 
linois for the east and west. Vanderbilt trunk 
lines entering Chicago. The construction of the 
extension of the Indiana Harbor R. R. and that 
on the extension of the Cairo division were de- 
scribed in detail in The Engineering Record for 
Sept. 30, 1905. 

The extension of the Cairo division joins the 
Peoria and Eastern division in Danville and ex- 
tends west ftom this junction parallel to that 
division for a short distance over a crossing of 
the North Fork of the Vermilion River, the 
crossing being made on a fill 65 ft. high over a 
pair of 50-ft. concrete arches. The extension then 
turns to the south and about a mile further on 
crosses the valley of the Salt Fork of the Ver- 
milion River. This valley is about half a mile 
wide and 65 to 90 ft. deep below the grade 
of the tracks. The north side of the valley is on 
a steep slope. The Salt Fork closely parallels 
the south side of the valley, which rises pre- 


cipitously. 130 ft. above the bed of the stream» 


The new concrete bridge structure is built with 


the bottom of this shallow earth fill and the ex- 
trados of the arches the usual longitudinal span- 
drel wall on each side, with filling between, are 
replaced by short-span semi-circular arches built 
transversely to the line of the bridge on bench- 
walls carried up from the extrados of the main 
arches. These transverse arches are 2 ft. thick 
at the crown and their span is 8 ft. Their bench 
walls are 2 ft. thick and from 9 to 21 ft. high. 
The extrados of all of them at the crown*is in 
the same horizontal plane, the space over their 
haunches being filled with concrete to this plane. 
A longitudinal coping, with its top at the same 
elevation as ‘the base of rail in the tracks, is 
built over these arches on each side of the struc- 
ture. The earth cushion is carried by the trans- 
verse arches and between the bridge copings. 
The entire structure above the springing lines 
of the main arches is reinforced with Johnson 
corrugated bars made by the St. Louis. Expanded 
Metal Fireproofing Co. The details of the re- 
inforcement are shown in the accompanying illus- 
trations. The arch ring of each of the main 
arches is reinforced near the extrados with lon- 
gitudinal ribs made up of 33-ft. lengths of I-in. 
bars, I2 in. on centers and overlapped 4 ft. at 


the rail up and its top % in. above the surface 
of the concrete. The ring of the small arch 
on the one side of the bench wall was then 


_ built, imbedding 1.5 ft. of one end of the pieces 


of rail, the face of the small arch haunch over 
the rails being made smooth and vertical. The 
space between the two bench walls, in the tops 
of which the expansion joints are made, is coy- 
ered by a flat reinforced-concrete slab, 2 ft. thick 
and 13 ft. wide. A bracket of concrete, 1 ft. 
wide, is built the length of the bench wall at 
the top and under this slab. A piece of rail, 
with the ball down and % in. below the bottom 
of the slab, is placed longitudinaly 1 ft. from each 
side of the latter. The slab bears for a width 
of 3 ft. on each side on the top of the bench 
wall; 2.5 ft. of this width is on the pieces of rail, 
the ball of the rails in the bottom of the slab 
bearing on the ball of those pieces of rail in 
the top of the wall. These joints are made 26 ft. 
long, the width of the bridge floor inside the cop- 
ings at their bases. A similar transverse expan- 
sion joint is placed over the top of each abut- 
ment, 2.5 ft. below the top of the concrete. 

The concrete in all these joints was made as 
smooth and flat as possible, and finished so that 
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contact between the adjacent faces at the joint © 


is made only through the rails imbedded in those 
faces. Two layers of felt were placed between 
the two surfaces of concrete and carried up to 
within 2 in. of the top of the vertical portion of 
. the joints; the remaining space at the top of 
the vertical joints was filled with asphalt. 

Above the arch rings of the main arches the 
channel piers are hollow. Each of the sides of 
this hollow pier is formed by one of the bench 
walls in whose top an expansion joint is made. 
Its ends are each formed by a pilaster carried 
up from the springing line of the 100-ft. arch. 
These pilasters are reinforced-concrete slabs, 3.5 
ft. thick, 15 ft. wide and 57.25 ft. long, placed on 
end. They are reinforced 9 in. from the outer 
, face only, by 34-in. vertical bars placed 12 in. 
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the bed of the stream. The footings for the two 
channel piers were carried down 10 ft. into this 
shale and the footing for the north abutment 
4 fit. into it. The footing of the south abutment 
is built in the steep bank of the valley, its top 
being 12 ft. below the springing line of the 
arch of that end. The back half section of this 
footing was carried down 36 ft. below the nat- 
ural surface to a limestone bed rock; the bot- 
tom of the front half is 6 ft. above the rock, the 
thrust from the arch reducing the load on that 
pottion. The general engineering features of the 
bridge are too well shown in the accompanying 
reproductions of the plans and of progress pic- 
tures and pictures of the finished bridge to need 
any comment. 

Construction—The construction of the bridge 
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about a mile long, was laid down from the Peoria 
and Eastern division, and all. materials were de- 
livered on it. This track was built on heavy 
grades and sharp curves, so cars could be handled 
with safety only when the ground was firm. It 
entered the valley from the downstream side of 
the bridge and extended under and beyond the 
trestle from which the big fill was made, to the 
upstream side for about 8 car lengths, the part 
above the bridge, being from 150 to 200 ft. from 
the stream. No storage space was available on 
the land side of the spur, and as the concrete 
mixing plant had to be located between the lat- 
ter and the river, practically no space on that 
side could be used for storing materials. 
Concrete Mixing Plant.—The concrete mixing 
plant was arranged so it could handle materials 
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Reinforced Concrete Bridge on the Big Four Railway over the Vermilion River near Danville, III. 


on centers, and by the same sized bars, 14 ft. 
‘long, placed horizontally on 4-ft. centers just back 
of the vertical bars. The lower ends of the ver- 
tical bars are imbedded in the tops of the channel 
piers. Their upper ends are extended into the 
5-ft. coping on top the bridge. Each pilaster is 
also anchored at* the top by horizontal transverse 
reinforcement rods in the slab over the bench 
walls. These rods extend into the pilasters, and 
are alternately bent up and down about 45 deg. 
at the end of anchorage. The inner face of each 
pilaster bears against the ends of the two bench 
walls over the main pier and the end of the 
slab over them, but is separated completely from 
all three by sliding joints. 

The bridge is built on a shale formation, the 
surface of which comes about to the level of 


was attended with unusual difficulties. The avail- 
able time was quite limited, and although the work 
was within 2 miles of a large town, it was prac- 
tically inaccessible for teams and wagons, owing 
to the roughness of the country and to the lack 
of highways leading anywhere near the work. A 
timber trestle, 90 ft. high, over which most of the 
material to make the big fill beyond the bridge 
had to be hauled, was-erected immediately down- 
stream from the structure, requiring the work on 
the latter to be carried on entirely from the up- 
stream side. This trestle curved into the line 
of the tracks for the new road just beyond the 
north end of the bridge, and as the fill was ex- 
pected to be completed up to the bridge before the 
latter could be finished, there was practically no 
space for storing concrete materials. A spur, 


from cars on the track, or from small storage 
piles along the river side of the latter. It was 
built about 50 ft. upstream from the upstream 
side of the north channel pier, 100 ft. from the 
bank of the stream and 50 ft. from the track. 
A storage house for cement, with a capacity of 
IO cars, was erected on the other side of the 
track from the mixing plant. A guyed derrick 
was set between the track and the mixing plant, 
and the concrete materials were handled in a 
clam-shell bucket by this derrick between the cars, 
or between the storage piles and the plant. 

A 3%-yd. Smith mixer was used in making the 
12,000 cu. yd. of concrete required to complete 
the bridge, and was run without repairs through- 
out the work. It was set on a timber platform 
about 7 ft. above the ground. A measuring hop- 
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per was placed over the mixer and connected 
with a double storage hopper, the top of which 
was about 15 ft. above the mixer platform. Each 
compartment of the double hopper held 8 cu. yd., 
one being for stone and one for gravel. The 
clam-shell bucket discharged into these compart- 
ments. A service track was laid from the ce- 
ment storage house up an incline to the level of 
the measuring hopper. The cement was hauled 
up this track on small flat cars by a rope attached 
to one of the spools on the hoisting engine for 
the derrick. The hoisting engine had only 2 
drums and 2 spools and as the clam-shell bucket 
required three lines, an extra line with a coun- 
terweight was attached to one of the spools and 
arranged so it could hold the slack in the load- 
ing line. The mixer discharged into 34-yd. 
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ments were made without much difficulty. Four 
guyed derricks, with 70-ft. booms, one derrick 
for each abutment and one for each pier, were 
set up on the ground so they could serve the 
work on this part of the structure. The excava- 
tions for the north pier and for the north abut- 
ment were heavily sheeted and the sheeting well 
cross-braced to avoid caving. The shale into 
which the excavations were carried had to be 
loosened with light blasts before it could be re- 
moved. The loosened material was taken out in 
34-yd. buckets by the derricks and wasted within 
range of the derrick booms. 

The service track laid under the mixing plant, 
and on which the cars carrying buckets into 
which the mixer dumped were operated, extended 
at right-angles to the line of and to within 20 
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22-ft. stories, with 8xIo-in. caps at each story. 
They were thoroughly sway-braced every I1 ft. 
of height above the tops of the main piers by 
horizontal 4x8-in. timbers to each longitudinal 
row of posts, and were also X-braced transverse- 
ly in 11-ft. stories by 3x10-in. plank. Each plumb 
post was placed on a pile driven 4-ft. into the 
shale and sawed off accurately to take caps on 
which the posts were set. : : 

Eight longitudinal timber ribs were provided 
to carry directly the lagging for each arch ring. 
Each of the ribs was placed over one of the 
longitudinal rows of timbers in the transverse 
falsework bents, and supported at 14 points by 
centering built up on caps on the top of the 
falsework. The ends of each rib were attached 
to caps over the end posts in each longitudinal 


Arrangement of Concrete Mixing Plant and of Derricks over Main Arches. 


buckets on push cars on a service track laid un- 
der the mixer platform. 

The platform was operated by 7 men; one man 
on a platform around the measuring box over 
the mixer to measure and dump the materials into 
the latter, one man on the same platform to 
clean up, one man on a platform level with the 
top of the stone and gravel hoppers, two men 
handling cement on push cars from the cement 
storage house to the plant, and a fireman and an 
engineer for an engine which operated the mixer 
and the derrick connected with it. The plant 
was capable of handling 200 cu. yd. in 10 hours 
under normal conditions, the greatest limitation 
to speed in its continuous operation being the 
lack of storage space for materials. 

Construction of Footings and Piers—The ex- 
cavations for the footings for the piers and abut- 


ft. of the upstream side of the bridge. It was 
connected there through a turntable to a double 
service track laid parallel to the latter. This 
double track was built across the stream on a 
trestle and extended far enough in both direc- 
tions from the center of the bridge so the der- 
ricks used in the construction, when located near 
the bridge, could easily reach cars on it. 
Falsework and Centering for Main Arches.— 
The concrete in the piers and abutments was car- 
ried up to springing lines of all three main 
arches as soon as the footings were finished. The 
falsework and centering for the 100-ft. arch was 
erected as the work on the lower portion of the 
piers and abutments approached completion. The 
falsework for each of the three arches consisted 
of six transverse bents with eight 8x1o-in. plumb 
posts to a bent. The bents were carried up in 


row of posts. A 6x8-in. plumb-post and three 
4x8-in. inclined struts were placed over each of 
the intermediate posts in the longitudinal row. 
A 6x8-in. plumb-post, with two 4x8-in. inclined 
struts on each side of it, was placed over each 
of the two central posts in those rows. These 
plumb posts and struts of the centering were 
bolted at the top of the ribs, but were only braced 
against each other at the bottom and not attached 
to the falsework. The arch ribs were made of 
four 2x12-in. plank, shaped and bolted together 
on the ground, in 20 to 25-ft. sections and hoisted 
into place by the derricks. The lagging for the 
arch rings consisted of 3x8-in. planks dressed on 
all sides. 

Construction of Main Arches.—The concrete in 
the main arches, in the piers and abutments above 
the springing lines of those arches and in most 
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Falsework for Main Arches of the Danville Bridge Showing Location of Derricks. 
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of the transverse spandrel arches was handled 
from the double service track on the trestle over 
the stream to position in 34-yd. buckets by 3 
guyed derricks, one over the crown of the cen- 
tering for each main arch. Each derrick was 
carried on a platform about 4 ft. above the ex- 
trados of the arch over which it was placed. 
These platforms were erected on a falsework car- 
ried up from the ground and were entirely sep- 
arate from the falsework and centering for the 
arches. This platform falsework consisted in 
each case of a 4xIo-in. plumb post at each cor- 
ner, set on a pile cut off at the springing line of 
the 100-ft. arch. One of the derricks was oper- 
ated by an American*Hoist & Derrick Co. engine 
and the other two by Lidgerwood hoisting en- 
gines set on the ground. 

The arch ring of the 100-ft. span was divided 
into 1m and the arch ring of each 8o-ft. span 
into 9 transverse sections, as shown by the num- 
bers on one of the accompanying illustrations. 
The blocks over the tops of the two piers up to 
the springing lines of the 80-ft. spans were laid 
first after the falsework and centering had all 
been erected. ¢Ihe concrete in the 100-ft. arch 
ring was laid as soon as these blocks were in 
place. The transvérse sections of the arch ring 
numbered I were laid first, those numbered 2, sec- 
ond, 3, third and so on, as indicated. The trans- 
verse sections in each pair were laid in one shift, 
the concrete being dumped successively on one 
side and then the other in order to keep the 
thrusts equalized. The south 80-ft. arch was built 
after the 100-ft. arch was finished and when it 
was completed the concrete for the north 80-ft. 
arch was laid. The successive method of. build- 
ing the transverse sections in the 80-ft. arches 
was similar to that followed in the t100-ft. one, 
varying from the latter as indicated by the num- 
bers on the sections in the illustrations. The 
longitudinal reinforcement bars in the arch rings 
were always lapped as near the middle of a sec- 
tion as .possible. 

The bench walls for the two spandrel arches 
on each side of the south pier were built up after 
the ro0-ft. and the south 80-ft. arches had been 
erected. The pilaster over the ends of the south 
pier were brought up about the same time these 
four bench walls were- built. The slab covering 
the space enclosed by the pilasters and the two 
bench walls over that pier was laid soon after 
these pilasters and bench walls had been com- 
pleted. The bench walls for the two extreme 
south spandrel arches and the south abutment 
were then carried up to the springing line of the 
small arches. Following that the ceatering for 
the south 80-ft. arch was lowered, and subse- 
quent to that two spandrel arches each side of 
the north pier were completed before the remain- 
ing five spandrel arches over the south 80-ft. arch 
were covered. This latter work was followed by 
carrying the north abutment up to the coping 
and building the two spandrel arches next to it. 
The spandrel arches over the 100-ft. arch were 
completed next and those over the north 80-ft. 
arch last. Each of transverse sections of the 
main arch rings carries one bench wall for the 
spandrel arches. These bench walls are 2 ft. thick 
and 10 to 21 ft. high. They are reinforced near each 
face by vertical 34-in. bars placed 12 in. on cen- 
ters. These bars overlap at the base of the wall 
with bars of the same size which extend into the 
main arch ring and are bent in such manner as 
to be anchored. Those in each wall also ex- 
tend at the top over the haunches of the adja- 
cent arches. A level step was made at the bot- 
tom of each wall by carrying the concrete up 
4 in. to 1 ft. on the low side where the main 
arch ring is curved when the sections of the lat- 
ter were built. The reinforcement bars in the 
bottom of those walls were also placed in the 
concrete of the arch rings as it was laid. The 
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forms for these walls being so high and narrow 
and the, reinforcing’ bars reducing the limited space 
between the formsy the concrete in them was laid 
with considerable difficulty. Long-handled wood- 
en. paddles were used effectively, however, and 
the ‘finished concrete as it came from the, forms 
has a very good appearance. 

The derricks for the 1oo-ft. and the south 80-ft. 
arch were both removed before the central span- 
drel arches over those arches had been built. Holes 
had been left in each of the main arch rings 
around the plumb posts which carried the plat- 
forms of the derricks. When the platforms and 
the posts carrying them had been taken down, 
a form was built over the bottom of these holes 
and the latter filled with concrete. The derrick 
that had been over the south 80-ft. arch was 
raised up and set on the finished concrete. Then 
a service track was laid longitudinally over the 
work that had been done and the buckets of con- 
crete were elevated by the derrick and handled 
to place on push cars on this track. The north 
derrick was also moved in the same manner 
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were tied together with wires and well braced 
in position. 

Removing Centers.—The falsework and center- 
ing for the main arches was removed in the same 
manner in all three cases. Wedges placed be- 
tween the timbers carrying the centering for the 
arches and the caps on the falsework bents were 
first struck. Then the braces were removed from 
the falsework and the bents of the latter pulted 
out by a line on a hoisting engine. The -two bents 
at each end were taken out first and then the 
two central ones. The falsework of each arch 
was removed in an hour in this manner. After 
it had been taken out, no perceptible settling of 
the arches could be detected. 

Concrete.—Three classes of concrete were used: 
one in the footings, a second in the main arch 
rings and a third in the abutments and the re- 
mainder of the bridge. The specifications re- 
quired the first class to be mixed in the propor- 
tions of 1 part Portland cement to 9% parts 
gravel, or I part cement, 4 parts sand and 8 parts 
broken stone; the second, that in the arch rings, 


Concrete Mixing Plant Danville Arch Bridge. 


before the spandrel arches over that main arch 
were closed, and handled the concrete for the 
final work on that end of the bridge and for the 
coping. 

Trestles carrying service tracks level with the 
top of the coping were erected longitudinally on 
each side of the bridge on the finished concrete 
of the spandrel arches. The buckets of concrete 
were elevated from the double service track at 
the foot of the bridge to push cars on the tracks 
along the copings and delivered in place. The 
copings were carried forward on both sides to- 
gether, in alternate 20-ft. sections, and were com- 
pleted in 4 days. 

Forms.—The lagging for the forms for the 
piers, pilasters, abutments and the bench walls 
of the spandrel arches were 2x8 and 2x10-in. 
dressed plank, with varying sizes of timbers for 
posts, depending on the height of the form. The 
forms for the main arches were described under 
falsework and centering for those arches. The 
lagging for the spandrel arches was 1x3-in. 
matched flooring. All the pairs of vertical forms 


was required to be I part cement to 2 parts sand 
and 4 parts broken stone; and the third, 1 part 
of Portland cement to 6% parts gravel, or a 1:3:6 
mixture of cement, sand and broken stone. The 
gravel obtainable for the gravel concrete was too 


fine to be used in the proportions specified. For 


that reason enough broken stone was added to 
produce concrete of about the same quality ag 
that required for the two classes. The broken 
stone used would pass a screen with a 2-in. mesh. 
The gravel graded from coarse sand to stone 
2 in. in their greatest dimension. Red Ring Port- 
land cement, made by the St. Louis Portland Ce- 
ment Co., was used exclusively, over 12,000 bbl. 
being required. The concrete was made quite 
wet and in all cases was spaded well back from 
the forms on exposed faces, but was neither faced 
with mortar in the forms nor plastered after the 
latter were removed. The appearance of the re- 
sulting concrete is good, as may be seen from the 
accompanying illustration of the finished bridge. 

Time.—Concrete work was commenced Aug. 8, 
last, but owing to delays in securing materials, 
work was not commenced on the main arches 
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_ until Oct. 4. The structure was completed Dec. 
17. One 1o-hr. shift was worked all of the time, 
and the structure could have been completed in 
a shorter time, if delays had not been occasioned 
in the procuring of concrete materials. The mag- 

-nitude of the structure is emphasized by some 
of the quantities connected with its construction. 


. The centering, falsework and forms required 500,- 


000 ft., board measure, of lumber; the total ex- 
posed surface is 92,000 sq. ft., 260,000 Ib. of John- 
son corrugated bars were used and 700 cars 
of materials were necessitated in the construc- 
tion, all of the latter being handled on the spur 
track, with storage room for only 8 cars. 

The bridge was designed in the construction 
department of the Cleveland, Cincinnati, Chicago 


\ 


& St. Louis Ry., under the direction of Mr. 
Wm. M. Duane, superintendent of that depart- 
ment; the cofstruction work was also directed 
by Mr. Duane. Mr. F. W. Smith; division engi- 
neer of the Cairo division, had immediate super- 
vision of the construction. The Bates & Rogers 
Construction Co., of Chicago, was the contractor. 
Mr. C. J. Seagren, as superintendent, had charge 
of the field work for the contractor. 


THe Dominion GOvERNMENT’S RAILWAY from 
Winnipeg eastward and Quebec westward, form- 
ing part of the new transcontinental Canadian 
line, may be built by the Grand Trunk Pacific 
Ry. Co. as contractor. This has been reported 
for some time as possible and Mr. Wm. Wain- 
wright, a director of the road, has confirmed the 
rumor. Under the agreement of 1903 between 
the company and the Dominion government, the 
former pays the latter for 43 of the 50 years 


of the lease a rental equivalent to 3 per’ cent. 


of the cost of construction. It is obvious that 
the company is desirous of having the road built 
as economically as is consistent with a good road- 
bed. The portions of the line for which it is 
considering the advisability of submitting bids 
are nearly four hundred miles long, and an econ- 
omy of only ten per cent. in building this line 
amounts to a large total sum. 
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The Hagerstown Reservoir. 
By J. W. Ledoux, M. Am. Soc. C.E. 


The water-works of Hagerstown, Ma, Mis 
owned by the Washington County Water Co., 
which takes its supply from the Blue Mountains 
in the vicinity of Smithsburg and Edgemont, 
near the Western Maryland R. R. In this vicin- 
ity the mountain forms the eastern side of the 
Antietam valley, which is a very fertile and 
prosperous farming country. The river rises 
some fifteen miles to the north of Smithsburg, 
flows southwardly and passes about three miles 
to the east of Hagerstown. The entire valley 
is composed of a limestone formation, and in the 
vicinity of Smithsburg contains numerous caves. 
The streams flowing from the west into the An- 
tietam south of the Pennsylvania line drain lime- 
stone formations and are hard waters, but those 
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reservoir, there was in use a 12-in. cast-iron 
supply pipe; but up to 1902 no further storage 
reservoirs had been built. The Diffendall’s Run 
contains approximately four square miles of wa- 
tershed, and the combined drainage area of Raven 
Rocks and Warner’s Hollow Runs at the West- 
ern Maryland R. R. was about six square miles. 
As all these mountain streams were subject to 
extremes of flow, say from 40,000 to 100,000,000 
gal. per square mile per 24 hours, and the re- 
quirements at Hagerstown were about 1,000,000 
gal. per 24 hours in the dry season, the supplies 
had been for several years inadequate. When 
the writer made the examination, he visited all 
the streams for a distance of about ten miles 
to the south of Smithsburg and about fifteen 
miles to the north, and finally concluded that 
the most practical means of increasing the sup- 
ply lay to the north of Smithsburg. Several 
good streams could be obtained to the north of 
the Mason and Dixon line, but on account of their 
distance, and the legal complications, due to 
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Plan of Hagerstown Reservoir and Sections of Dam. 


flowing down from the mountain side on the 
east are soft in quality, the formations being shale 
and sandstone. 

The Washington County Water Co.’s supply 
is taken from the streams known as Raven Rock 
and Warner’s Hollow Runs, which cross the 
Western Maryland R. R. about one and one-half 
miles south of Edgemont. The company had also 
appropriated to. a small extent the water of 
Diffendall’s -Run, which flows through the south 
edge of Smithsburg, and had in use a 20,000,000- 
gal. distributing reservoir situated between 
Smithsburg and Cabetown. From Raven Rocks 
Run to Hagerstown, by way of the distributing 


taking water outside of the State of Maryland, 
their appropriation was considered not advisable. 
After a thorough study of the problem, it was 
deemed best to build storage reservoirs on the 
streams already occupied, and for this purpose 
a study of the rainfall, evaporation and run-off 
conditions was made. The annual rainfall at 
Hagerstown is shown in the following table: 


1886..36.87 inches 1892. .34.34 inches 1898. .32.13 inches 


1887. .32.97 5 1893. .32.04 1899. .38.00 

1888..41.68  “ ESO4GS.0are Str O00. sarak pes 
1889..52.77.  “ TBoK. 36.67) » SO <toor, aaa. . “* 
1890. . 46.2 ae 1896. .33.03 er 1Q02, JA TE € 
1891. .45.9 bi 1897. .38.68 s- »1003s 48.25 “id 


The amount of water available with the limited 
amount of storage in use up to the latter part 
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of I901 was approximately 750,000 gal. per 24 
hours, and to provide for their needs at that 
time the water company was purchasing water 
from a spring in Hagerstown at a cost of 9 cents 
per 1,000 gal., and were obliged to pay for the 
cost of pumping in addition. Besides that, a 
chemical analysis showed that the quality of water 
in the spring was badly suited for manufacturing, 
and hardly safe for domestic use. 

Surveys and borings were made to determine 
the size and best location for one or more storage 
reservoirs. It was found that there was no first- 
class site for a dam on any of the streams known 
as Diffendall’s, Warner’s Hollow or Raven Rocks 
Runs, and an investigation was made to deter- 
mine whether a storage reservoir could be built 
in the neighborhood of Smithsburg, to which 
reservoirs each of the streams would be led by 
gravity. An excellent site for this purpose was 
found just to the northeast of Smithsburg. The 
topography and convenience adapted this location 
admirably to the purpose, but. investigations 
showed the formations, underlying the proposed 
reservoir to be of cavernous limestone, and there- 
fore it was considered too risky to build a reser- 
voir on this site. This conclusion was further 
verified by the fact that the bottom of the present 
20,00,000-gal. distributing reservoir had caved in 
several times previously, forming crevices that 
could be explored by rod to a depth of 4o or 
50 ft. There seemed to be nothing left to do 
but to utilize the best site obtainable on the 
sandstone formations of one or more of the three 
streams under consideration. The natural con- 
ditions and topograph indicated Warner’s Hollow 
to be the most feasible, but like the other valleys, 
the rock formations were badly broken up, and 
the ledges almost approximated in appearance a 
pile of loose rock fill, except that the stratifica- 
tions were discernible but never regular. The 
dip averaged from o° to 80°, and the direction 
of the strike averaged at least 100°. 

The reservoir was finally designed and built 
by The American Pipe Manufacturing Co. ap- 
proximately as shown in plans. The puddle trench 
varied: between widths of 5 and to ft., and be- 
tween depths of 6 and 20 ft., and in addition to 
puddle trench shown on plan, as an extra precau- 
tion, a second puddle trench was run nearly 
parallel to the first but starting upstream from 
the upper toe of the embankment and intersect- 
ing the first puddle trench about 50 ft. from the 
north end of the embankment and about 200 ft. 
from the south end of the embankment. The 
capacity of the reservoir is approximately 96,- 
000,000 gal., and the depth of water, as built, is 
about 52 ft. 

In order to determine whether the puddle 
trench would reach more impervious material by 
being carried farther north toward Raven Rocks 
Run, in addition to test pits, a drift or cross- 
cut, was driven into the hillside about 4o ft. 
but the quality of the rock proved that there 
would be no advantage in continuing the puddle 
trench farther than we did. Under the circum- 
stances a considerable seepage through the hill 
was anticipated at least in the beginning, but no 
apprehension was entertained for the safety of 
the dam, and it was decided that if the seepage 
were not reduced to a nominally small amount 
this water could afterwards be collected in 
a small storage reservoir below the dam, and at 
intervals be utilized for the regular supply, the 
head being sufficient for this purpose. 

It was barely possible to find a sufficient amount 
of suitable material to fill the puddle trench, 
and the impervious portion of the embankment, 
and therefore the downstream half of the em- 
bankment was made of earth and loose rock. 
The intake dam on Raven Rocks Run was built 
of masonry. A 30-in. vitrified pipe with corru- 
gated joints and deep bells was used to convey 
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the water from Raven Rocks to Warner’s Hol- 
low reservoir. 

The construction of the spillway is rather 
unique and is shown clearly in the plan. 

An unusual but minor feature not shown on 
the plan consists in the method of opening the 
30-in. blow-off valve. This 30-in. pipe was pro- 
vided: with a gate located in the gate house and 
an additional gate above the upstream toe of 
the embankment. The latter is provided with a 
hydraulic cylinder having two 34-in. pipes, one 
connected with the top and one with the bot- 
tom of the cylinder. These pipes then lead to a 
four-way valve located in the gate house, and 
they are supported in the top of the 30-in. blow- 
off pipe by means of small hanger bolts. A hand 
force pump is located in the gate house and 

ytakes its supply of water from the supply pipe 
and forces water into either one of the 34-in. 
pipes while the water is wasting through the 
other to open or close the hydraulic valve. This 
device worked very satisfactorily and has not 
since given any trouble. It requires only four 
or five minutes for one man to open or close 
the hydraulic valve. 


When the reservoir was first filled the seepage 


through the hill amounted to about 800,000 gal. 


Gate House, 


per 24 hours, but after a few months this was re- 
duced to about 300,000 gal. per 24 hours. Some 
of this reduction was due to natural sedimenta- 
tion, but a considerable amount of work was 
expended in an effort to silt up the worst por- 
tions of the north sidehill. Nearly all of the 
seepage comes to the surface of the ground about 
300 ft. north of the north end of the embank- 
ment. 

There has been an adequate supply of water 


for the city ever since the reservoir was built, © 


and therefore no attempt has been made to col- 
lect and utilize the water seeping through the 
hill. The conditions are such that it is hardly 
likely that this seepage will entirely cease, but 
it will not average more than 150,000 gal. per 
day for the period when the reservoir is drawn 
below the spillway. When full, the loss is about 
300,000 gal. per 24 hours; when the reservoir is 
drawn down 4 ft., 190,000 gal. per 24 hours; 7 
ft., 145,000 gal.; 10 ft., 120,000 gal. per 24 hours, 
and finally reaches zero when the reservoir is 
drawn down to about 25 ft. below the spillway. 

The total amount of water obtainable from 
this reservoir alone, after deducting 150,000 gal. 
per 24 hours for leakage, is calculated to be not 
less than 1,135,000 gal. per 24 hours, which repre- 
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sents a net increase of water supply, due to this 

storage reservoir, of about 900,000 gal. per 24 

hours. Work on the reservoir was begun in the 

spring of 1902 and finished in the summer of 

1903. 

A Legal Criticism of Government Specfica- 
tions. 


In a recent visit to some of the Middle West- 
ern States, on legal business connected with gov- 
ernment contracts, Major William E. Harvey, of 
the firm of George A. & William B. King, mem- 
bers of the bar of the Court of Claims at Wash- 
ington, had occasion to meet a number of con- 
tractors engaged in railroad work, who have 
considered the question of bidding upon govern- 
ment work, particularly upon the contracts un- 
der the Reclamation Service of the Geological 
Survey. He found that among many of the lead- 
ing contractors there was great hesitation about 
undertaking government work and that this hesi- 
tation very largely arose from the form of the 
specifications. 
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The matter was taken up later in conference 
with some of the officers of the Geological Sur- 
vey, and at their suggestions the views of the 
Messrs. King were embodied in writing and sub- 
mitted for further consideration in connection 
with the drafting of specifications. The follow- 
ing is the text of the paper so submitted, which 
quotes particuarly from the specifications for the 
Fort Buford project: : 

The basis of the following suggestions is (1) 
conversations with contractors in the West; (2) 
study of the decisions of the Supreme Court and 
the Court of Claims and experience in cases in 
those courts. 

Definition of “Engineer.” —This specification de- 
fines the “engineer” wherever it occurs in the 
specifications, as “the chief engineer of the Recla- 
mation Service, or any of his authorized assist- 
ants or inspectors, limited to the particular duties 
entrusted to them.” Throughout the contract 
many duties are imposed upon the engineer, leay- 
ing to inference from this definition who is the 
particular engineer intended in connection with 
each duty. 

This is objected to by contractors because, 
when any subordinate inspector or engineer gives 
them orders, the contractor must ascertain at his 
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- own peril whether the particular officer is within 


the limits of his own particular duties. The con- 
tractor should know definitely who can authori- 
tatively give him orders in each detail of his 
work. 

Risk of Conditions—‘Local Conditions.—Bid- 
ders must satisfy themselves as to the nature of 
the material and as to all local conditions affect- 
ing the work, and no information derived from 
the maps, plans, specifications, profiles or draw- 
ings, or from the engineer or his assistants, will 
in any way relieve the contractor from any risks 
or from fulfilling all the terms of his contract.” 

In the specifications, the government makes rep- 
resentations of the work required and furnishes 
plans and maps indicating the route of the work 


\and the conformation of the ground. This in- 


formation is supposed to be based on preliminary 
surveys and an engineer is designated in the ad- 
vertisement to furnish contractors “particulars.” 
After information is thus given them, they are 
told that they cannot rely upon it. 

Prospective contractors, preparing to bid can- 
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eliminated; both parties know what the contract 
proposes to do. If unexpected conditions are 
found, either cheapening or increasing the cost, 
provision can be made for a change of price, 
so that whatever the york, it may be fairly paid 
for. 

(3) It does not conduce to a good job that 
the contract is executed at a loss. It is thus 
not to the interest of the United States to force 
a contractor who meets unexpected conditions 
to complete the work at a loss. 

(4) The United States cannot desire to ruin 
a contractor who finds triusually expensive, un- 
disclosed conditions. ba 

For these reasons the preliminary surveys 
should be taken as the basis of conditions to be 
met and the contract should provide a mode of 
adjustment if these turn out erroneous. 

Since the specifications attempt to throw on 
the contractors all of the responsibility for the 
preliminary work of the government, it is not 
surprising that many contractors whose reputa- 
tion assures them of remunerative work for 


View of Spillway and Dam, Hagerstown Reservoir. 


not undertake these preliminary studies anew; 
they must actually base their bids on the con- 
ditions which are shown by the preliminary sur- 
veys of the government. 

They may: (1) Bid on the government surveys, 
and, if prudent, add to their bid an indefinite sum 
to meet the contingency of their being incorrect, 
or (2) gamble on the chance of all the official 
information being incorrect, by bidding at such 
a figure as to lose if not correct. 

We are aware that preliminary studies,. even 
when most carefully made, are subject to error 
by undisclosed conditions, but, when carefully 
made, they generally disclose the real conditions. 

Which party should bear the burden of un- 
discovered conditions? This question may be 
answered : 

(1) As the United States is responsible for 
the investigations, the responsibility for their cor- 
rectness should normally fall on the government, 
rather than on the contractor. 

(2) Certainty should always be a feature of 
contracts. If the preliminary studies are taken 
as the basis of the contract the gambling risk is 


parties on fair terms, object to bidding on them. 

The Government's Delays——Delays: The con- 
tractor shall not be entitled to any compensation 
for delays or hindrances to the work from any 
cause whatever. 

It is very difficult for any one to see how 
this provision can be justified. 

(1) It introduces an element of uncertainty 
into all biddings. The contractor who has to 
assume all liability for his own delay, a matter 
principally under his own control, here is obliged 
to assume sole responsibility for all delay of 
government officers over which he has no con- 
trol whatever. He has to make a sheer hazard 
on this. Such a provision tends to reduce con- 
tracting from a legitimate business to a kind of 
gambling. 

(2) Each party to a contract should in fair- 
ness assume responsibility for his own acts. The 
contractor pays damages for his delay and may 
have his contract annulled for it; it is only fair 
that the other party should assume a correspond- 
ing liability to the contractor. 

(3) Can the government hope to gain by such 
essentially one-sided provisions? -Contractors. of 
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sound business judgment, if they bid at all on 
such contracts, must add an insurance for such 
risks. Contractors who do not guard themselves 
by so doing are not the prudent and responsible 
business men whom the government wants. The 
result is that the government is likely to get high 
bids or poor contractors. 

To illustrate the injustice of this provision, 
see the many cases found by the Court of Claims 
of delays which contractors have suffered at the 
hands of the: government. See also the recent 
decision of the Court of Claims finding two 
years’ delay by the government on the work 
on the battleship “Indiana” done by the Cramp 
Company (Eng. Record, Feb. 17). 

Changes.—Changes and Extra Work: The 
Secretary of the Interior reserves the right to 
make such changes in the specifications of work 
or material at any time as may be deemed ad- 
visable, without notice to the sureties or surety 
on the bond given to secure compliance with the 
contract, by adding thereto or deducting there- 
from, at the unit price of the contract, or at 
such allowances for changes of materials as shall 
be deemed just and reasonable by the engineer, 
whose decision shall be binding on both parties. 

This is wholly one-sided. The Secretary has 
the absolute right under this practically to can- 
cel the contract or double it at the unit price 
of the contract, or at such allowances for change 
of material as may be deemed just and reason- 
able -by the engineer. This leaves the matter 
wide open for one side to determine how much 
the contractor has to do and how much he is 
to earn. That this is not intended to cover trivial 
variations from the original plan is shown by 
the following sentence in the same specification 
that “the right to make material changes in the 
quantities listed in the proposal is an essential 
part of the contract, and bidders must make their 
estimates accordingly.” 

There should be no material variation from 
the quantity of the work to be done. Particu- 
larly there should be no diminution of it, be- 
cause in constructing work in a remote part of 
the country a very large outlay must necessarily 
be made by the contractor in getting his plant 
assembled on the ground and, while the profits 
that he had figured on on the entire job would 
be sufficient to give him a profit after deducting 
these first costs, if the work is materially dimin- 
ished, he may be deprived of all profits. 

“Minor changes” are often permitted under 
contracts but this contract throws down all such 
limitations and places the contractor absolutely 
in the control of the engineer. 

Control over Methods.—“Formation of Embank- 
ments: The earth in all embankments shall be 
deposited with scrapers unless special permis- 
sion is given by the engineer to use another 
method.” 

The above is quoted from the specifications 
on the Fort Buford project. This provision, giv- 
ing the engineer the right to give permission to 
use some other method, is subject to grave abuse. 

On the Huntley project it ig provided: “The 
earth in all embankments shall be deposited with 
scrapers unless otherwise directed by the engi- 
neer.”’ This is even worse than above because 
the engineer has- power to direct some other 
method. He can, if he wants, direct that the 
work be done by hand shovels or by machinery 
of a particular type. 

It would be much better to specify definitely 
in both of these what method of work is to be 
permitted. If, in the judgment of the engineer, 
a special part of the work can be done by 
machinery, it should be specifically shown that 
the work is to be done by machinery. If a cer- 
tain part of the work is to be done by scrapers, 
it should be so specified. If a certain part of 
the work-is to be done by hand shovels it should 
be so specified. 
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Even if the manner of executing the work 
cannot be determined in advance as to every 
part of the work, a different unit price should 
be made for the various classes of work. There 
is now a classification as to material excavated. 
It is just as easy to specify that the manner of 
doing the work shall be classified as the material. 

How such discretion could be utilized collu- 
sively between dishonest officials and contractors 
can easily be seen. Is it wise to proffer such 
opportunities? This is not mere speculation. The 
prosecuting attorney in the Greene & Gaynor case, 
in his opening address to the jury, declared that 
just such provisions were used in the Carter 
frauds for corrupt ends. He said, as quoted im 
the Washington “Evening Star,” January 28, 
1900: “Carter at that time purposely and with 
intent to defraud in connection with the defen- 
dants, began to so change the requirements in 
the contracts as to leave it to the engineer officer 
as to which style of work should be required, 
rather than to permit bidders to base their pro- 
posal on the cheapest style.’ 

General Comment.—The _ specifications are 
drawn with the evident intention of guaranteeing 
just as little to the contractor in the way of re- 
liable information as can be given and to leave 
the engineer or any otf /iis authorized assistants 
or inspectors with almost autocratic authority 
over the work. 

Certainty is the most important thing to a con- 
tractor. Let him know what he is going tu biu 
on and then the government will get from the 
best contractors exact, well-considered bids upon 
which the work can be completed without fric- 
tion or controversy. 

Such specifications lack in a marked degree 
the element of mutuality which is the founda- 
tion of all contractual relations. They are one- 
sided. 


At this time the whole western country is busy 
with railroad construction under contracts which 
are drawn after conference with experienced con- 
tractors as to how the work is to be done. Ex- 
perienced and responsible contractors, who, by 
reason of their ability and resources, have 
achieved success, readily command private work 
on fair terms. It is not surprising that such 
contractors do not regard government contracts 
under such specifications as very important or 
even desirable to secure. 


ONE OF THE OLDEST CANALS in the country is 
attracting considerable attention just now in 
Delaware and Maryland on account of the peti- 
tion of its owners to the Legislature, of the lat- 
ter State for the right to charge passenger tolls. 
It is the Chesapeake and Delaware Canal, 1354 
miles long, between Delaware City and Chesa- 
peake City. It was chartered in Maryland in 1799 
and in Delaware some years later. Construction 
was begun in 1824 and completed in 1829, and 
since then it has been in constant use. The engi- 
neer of the work was Benjamin Wright, well 
known to students of early American’ engineer- 
ing, and he accomplished a very creditable under- 
taking, with many heavy cuts and embankments. 
The canal is 66 ft. wide on the water line, 36 ‘ft. 
at the bottom and is about 10 ft. deep. The locks 
are 100 ft. long and 22 ft. wide. It is navigated 
by a regular steamboat line as well as by other 
vessels, and last year about 20,000 passengers are 
stated to have been carried over it. The pro- 
position to pay passenger tolls is being opposed 
by the shipping interests and residents in the 
vicinity, which in itself is an indication that the 
waterway has not outlived its usefulness. The 
canal cost $2,250,000, of which $625,000 was fur- 
nished by the United States, Pennsylvania, Mary- 
land and Delaware and the remainder by private 
parties. 
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In putting in the foundations of the new Hotel 
Brevoort in Chicago some serious difficulties have 
been encountered, chiefly be€ause of the necessity 
of sinking deep caissons next to a very high 
building, the Tacoma, and also because of the 
unusual depth for a subcellar in the rear half 
of the hotel, which also abutted against the foun- 
dations of other buildings not quite so heavy as 
the Tacoma. 

The foundations adjoining the Tacoma were 
first piled with steel sheet piling, made by United 
States Steel Piling Co., to a depth of 30 ft. or 
thereabouts before excavating, and when exca- 
vated to that depth, the pits were continued to 
their full depth in the ordinary way, that is, by 
the use of wooden sheathing or laggings in short 
lengths. The steel sheet piles were driven first 
as a precautionary measure against the lateral 
pressure from the heavy Tacoma building, prior 
to any excavation. In the rear or subcellar part 
the entire cellar wall and foundations extending 
beside the old adjoining buildings were first en- 
closed with a continius row of the same steel 
piling before excavation, and the pits for the 


Five-Foot Column Gaissons of Steel Piling at Brevoort Hotel. 


bearing piers were sunk within the steel pile 
walls, using the wooden laggings. 

The steel sheet piling was thus used in two 
ways, first, adjoining the very heavy Tacoma 
building for the first or upper 30 ft. only of the 
piers; second, for the walls of the deeper, sub- 
cellar portion only, the adjoining buildings not 
being so heavy, and to a depth of only about 16 
ft. Elsewhere, wooden laggings only were used 
for 46 piers, varying from 4 ft. 6 in. to 7 ft. 6 in. 
diameter. In all these cases the wells were dug 
clear through the soft, wet clay which underlies 
so large a portion of this city, and almost the 
entire central business portion where most of 
the large business structures are erected. 

The average depth of the piers is about 82 ft. 
below street grade. The load on the concrete 
which forms the filling of the caissons is about 


18 tons, not exceeding 20 tons, per square foot, 


and the load on the hard gravelly clay, designated 
hard-pan, underlying the soft clay, is somewhat 
less than 4 tons per square foot. 

All the adjoining buildings were placed on 
jacks during the process of sinking the new 
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foundations, and the settlements were closely 
noted and taken up from time to time. The Ta- 
coma foundations settled during the process 2% 
in. or thereabouts, and the other buildings rather 
less, but, thus far, there are no perceptible move- 
ments in any of the superstructures. One build- 
ing, a theater, has been held on jacks along the 
entire length of the Brevoort building, and a party 
foundation on caissons is being built, as the in- 
tention is to take down and rebuild the theater 
or build a typical high building on its site in the 
near future. 

No difficulty was experienced in driving the 
steel sheet piling along the straight foundation 
walls, in the rear, but there was some trouble in 
driving them on the circular scheme next the 
Tacoma. Two of these caissons deflected so 
much that it was necessary to sink a cast-iron 
column within each so as to get the load on the 
center of gravity, but this was not a difficult 
matter. An ordinary pile driver was used, but 
it is believed that with some changes in the 
apparatus, a much more accurate result in driv- 
ing the circular caisson sheeting could be se- 
cured. 

in sending this information Messrs. Egan & 


Prindeville, the architects, give credit for ‘the 
planning of these foundations to Messrs. Purdy 
& Henderson, their engineers. 


An AppreNnTICE ScHOooL has been organized at 
the West Lynn shops of the General Electric Co., 
for boys at least 16 years old, having a gram-_ 
mar school education. The apprenticeship lasts 
four years and aims to teach the boys to be- 
come machinists, tool makers, pattern makers 
and carpenters, moulders, instrument makers 
and electrical workers. In addition to this 
trade training, the school teaches the usefulness 
of grammar school education in the works man- 
agement and other subjects which will fit the 
boys for leading factory positions. The instruc- 
tion period lasts three years, beginning six 
months after the apprentice work and ending six 
months before its close. It will be noticed that 
this system of apprenticeship is, in effect, the 
same that exists unnamed in small shops, where 
the employer personally assists his brightest young 
men in various ways to acquire the education and’ 
trade knowledge required in responsible positions. 


~~ Marcu 3, 1906. 


’ Building and Machinery Foundations in 


é Quicksand. 


The 75x99-ft. Knickerbocker Building at Nos. 
114 and 118 West 39th St., New York, is a 14- 
story steel cage office building which occupies 
a site previously covered by several low brick 
buildings. Adjacent to it and extending to the 
lot lines are the six-story Hollywood Hotel, the 
125-it. brick stack of the New York Telephone 


» Co.’s building, and the tall Knickerbocker and 


Casino Theatre buildings. 

Soon after the old buildings were removed the 
site was excavated to a depth of about 18 ft. be- 
low the curb, except along the sides and rear, 
where were left banks of earth from 3 ft. to 8 ft. 
in width and having slopes of about 1 to 1. The 
tops of these banks were 6 ft. to 10 ft. below curb 
level, varying with the depths of adjoining walls. 

The footing of the wall of the hotel was found 
to extend about 7% ft. below curb level. For 
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tendency of the wall to slide inward on the foot- 
ing. One side of the wall form was erected on 
the line mentioned above. The other side was 
formed in part by the inner faces of the walings. 
The remainder of the needed surface was formed 
of 2-in. planks on furring strips. The space back 
of the planks was packed with gravel and dry 
sand. A thick layer of water-proof material (felt 
and pitch) was carried across the top of the con- 
crete footing and up the outer wall of form to the 
under side of the lowest tier of cross braces. 
The space devoted to the wall had a width of 
20 in. |A row of 1%-in. round steel bary spaced 
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ing by means of wedges, braces and secondary 
walings before removal of the set of walings just 
above the concrete and separating the two rows 
of sheeting. Upon completion of the sections, to 
the proper height for receiving first-story floor 
beams, heavy braces were wedged between com- 
pleted interior piers and the reinforced concrete 
wall, the ends against the latter being placed 
somewhat below the first-floor level. The wall 
braces on both sides of the site were left in posi- 
tion until the steel work of the first floor was 
completed. Across the site, between interior piers, 
béams or struts of reinforced concrete were con- 


6 in. was set up in the form. The bars stodd itm <structed at a depth sufficient to clear the many 


a 2-in. channel bar placed on the water-proofing. 
The centers of rods were 2 in. from the face of 
the proposed wall. The concrete of the wall was 
deposited in courses as fast as braces could be 
shifted and water-proofing applied to the outer 
wall of the form. The reinforced concrete ex- 
tends to the level of the tops of first-story floor 
beams, the ends of which are imbedded in it. 


A ry 


TWELVE STORY 
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trenches to be provided in the cellar floor, to 
which reference will be made further on. 
When a little more than half the wall was in 
place the gaps in it were filled in. The sheet 
piles along the sides of the excavations sunk for 
this purpose were fitted to those at the corners 
of the pits previously sunk. The sheeting in the 
ends of the latter was removed and the water- 
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General Construction of Foundations of Knickerbocker Building, New York. 


the major part of its length this wall stands 4 ft. 
back from the lot line. The nearby wall was 
constructed in a trench extending about 13 ft. 
deeper than the hotel wall. The latter was not 
shored. 

‘Two rows of 2-in. special sheet piles were set 
up 4 ft. apart and were driven by a pneumatic 
hammer operated by two men. The sheet piles 
were made tight before any driving was done. 


'The two rows were kept at a uniform distance 


apart by means of walings and cross_ braces. 
Outside walings were also used to support the 
row of sheeting farthest from the hotel. These 
walings were bolted to timber piles driven in a 
row parallel to the trench and spaced about 9 ft. 


_ Each pile was supported by two braces running 


back either to completed interior piers or to 
timber footings of ample area. In the bottom 
of the trench was constructed a concrete footing 
extending 22 in. inside the lines of inner face of 
proposed wall, a space sufficient to provide for 
lap of water-proof layer and for key to resist 


On the opposite side of the site, adjoining the 
Casino Theatre building, a similar wall was built 


‘in sections about 8 ft. in length. The trench ex- 


tended 6 ft. 8 in. below the footing of the theatre ~ 


wall. As before the rows of sheet piles were 4 ft. 
apart, the back row resting against the adjoining 
wall. The bank of earth along this side of the 
site was of stich width that round piles were 
not needed to support outside walings, which 
were held in place by braces from the bottom of 
the lot, until such time as two or more sets of 
the interior walings had been sunk below the 
surface, when the exterior braces and waling 
would be removed. The water-proof layer ex- 
tended the entire length of every section while the 
concrete stopped 8 in. short of the ends, thus 
providing room for a lap in the water-proof layer. 
Alternate sections were constructed, all with V- 
shape, vertical grooves in the ends. The concrete 
was. built up in layers corresponding in depth to 
the spacing of the walings. The hardened con- 
crete was braced against the front row of sheet- 


proofing of the latter section joined to that of 
the two older ones on either hand. 

Owing to the pressure transmitted through the 
soil and due to the wall alongside, which is 93 it. 
high, the two lower sets of walings were spaced 
only 2 ft. centre to centre. Owing to lack of 
space, for workmen, in the pits, the footing was 
made but 1 ft. deep. Its top surface pitched 
downward toward the back face of the wall. 
Bricks which had been thoroughly dried were laid 
in pitch to form the water-proof layer on top of 
the footing. This work was carried to a line 
above the position of the lowest set of walings, 
where a change was made to felt and pitch; this 
kind of water-proofing was continued to the first- 
floor level. As soon as the new wall reached the 
level of the footing of the theatre wall the back 
sheeting was cut off and the water-proof layer 
carried from the sheeting, which ‘served as the 
back of the form, to the face of the theatre wall. 

A bed of quicksand was found to extend from 
the bottom of the main excavation to bed rock. 
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Its depth varied from 1o ft. to 25 ft. owing to the 
uneven surface of the rock. The foundations of 
the column and wall piers consist of clusters of 
tubular steel piles 12 in. in diameter and 3 in. 
thick sunk to bed rock and filled with concrete. 
Under columns there are twenty groups of piles 
as follows: Four groups of five piles, eight of 
six, six of seven and two of eight. In the wall 
piers there are ten groups, two of which have 
five piles each, six have six piles and two have 
seven piles each. 

The piles for interior piers were driven with 
an ordinary drop hammer machine assisted by a 
water jet. The hammer delivered blows to a 
drive-head about 7 ft. long made of very heavy 
pipe of the same diameter as the piles and pro- 
vided with an extension sleeve engaging the 
pipe for a distance of 1%4 ft. A heavy drive-ring 
topped the special section, which was provided 
with a slot through which the interior jet pipe 
was worked. <A short distance below the slot 
was an opening for the discharge of material 
washed from the piles. Such material was con- 
veyed, at times, to other parts of the site through 
hose 6 in. in diameter. The jet pipe was provided 
with a perforated chisel instead of an ordinary 
nozzle. The combined action of the chisel and 
hammer was sufficient, at times, to cause the 
entry of the pile into soft rock a distance of 
2 ft. or more. Water was not always forced 
through the jet pipe during the time of sinking 
the pile. When driving had been completed and 
only water remained inside the pile, the hose 
supplying the jet pipe was attached to a closed 
tank partially filled with rich grout under air 
pressure. On opening a special yalve on the 
tank the pile was filled with grout, from the 
bottom. The jet pipe was then removed and 
washed gravel deposited in the pile; this caused 
the grout to overflow at the discharge opening. 
The surplus grout soaked into the ground around 
the pile. The drive-head was now removed and 
another pile, to which a second drive-head had 
been attached, hoisted into place on the machine. 
The tops of the piles composing a group were 
joined by means of a block of reinforced concrete 
which was finished to the proper level for receiv- 
ing the steel grillage. 

Employing usual forms of construction, the 
columns in side walls and rear wall would have 
rested on cantilever girders. In the Knicker- 
bocker Building all wall piers rest on two rows 
of staggered steel piles. The grillages supported 
on these piers are 28 in. wide. There are no 
party walls on the site. The back row of piles 
in a wall pier are sunk 3 in. from the wall of 
abutting building. The number of piles in the 
back row is greater than in the front row; at the 
same time the line joining the centers in the back 
row is nearer to a parallel line through the col- 
umn center than is the line through the centers 
of the front row. The division of piles between 
the two rows and the spacing relative to the 
column center are so adjusted as to divide the 
total load equally among the several piles. 

The use of the narrow pile piers just described, 
in place of cantilever girders, would not have 
resulted in any saving of time or money had any 
but tubular piles been employed, because the 
shoring of the abutting wall would have been a 
condition precedent to the introduction of other 
adequate supporting means. The tubular piles 
were driven in the bottoms of pits which had 
been sunk in the manner already described. After 
a number of cross-braces had been inserted be- 
tween walings, short sections of the back walings 
were cut out. The gaps thus formed permitted 
the proper placing of the piles composing the 
back row. The piles of wall piers were driven 
with a special driver that worked close to the 
wall of adjoining building, without producing 
injurious vibrations. This machine consists, es- 
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sentially, of a hollow piston, fixed relative to 
the pile, and a weighted reciprocating cylinder, 
together with the necessary valves, and a base 
which caps the pile and maintains the driving ap- 
paratus in position, without the use of guides 
or other framework. An essential feature is a 
movable anvil or follower block, inside the base, 
which freely follows the pile under the impact 
of the hammer cylinder and thus delivers the full 
blow to the pile, without reactions unfavorable 
to efficiency. The piston is made hollow to per- 
mit the free use of the jet pipe already described. 
The hammer is operated by steam or air, pref- 
erably the latter, at a pressure of 70 lb. or more. 
It delivers about 275 blows per minute. The 
stroke is 5 in. 
about 1,200 lb. Its height is 314 ft. A gin pole 
or light hand-power derrick is used in handling 
the hammer. 

The work done by the two kinds of hammers 
was done under conditions so dissimilar as to 
make a comparison of costs impossible. The 
pneumatic hammer was not available early enough 
fer a trial on the interior piers. In some situa- 
tions where the pneumatic hammer was used, the 
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ordinary machine could not possibly have been 
employed. Less time was consumed in moving 
the former, but the rate of sinking, under its 
action, was naturally lower than that observed 
under the blows of a drop hammer. 

The wall columns and grillages supporting them 
were set as soon as the concrete pier cap was in 
place and covered by the water-proof layer. A 
section of concrete wall was carried up to first- 
floor level as soon as a wall column was in place 
and securely braced. 

As soon as the first-story steel work was in 
place, work in the cellar was resumed. Besides 
the cellar floor there remained:to be constructed 
foundations for a plant designed to provide heat, 
light, power and ventilation for the new building 
and others owned by Mr. R. W. Goelet and sit- 
uated on the same block. It proved necessary to 
construct special foundations for all the machines 
except light ones, which are supported by the 
cellar floor. The plant includes a Corliss engine 
and a crank and fly-wheel pumping engine. 
Through the middle part of the cellar from front 
to rear, the floor and necessary foundations were 
constructed, after which the banks of-earth re- 
maining in front of the side walls were removed, 
in sections, and strips of floor completed from 
wall to wall. The floor is much cut up by 
trenches for water mains, drips and exhaust lines, 


The weight of the machine is ~ 
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There is also a pump pit and two small pits for 
the accommodation of plunger lifts. One of the 
four elevators with ‘which the building is equipped 
runs to the cellar and is provided with a pit 3% 
ft. deep. Conduits for electric mains also extend 
through the cellar floor. The pump pit was made 
by lining a steel tank with reinforced concrete. 
Back of the latter runs the water-proof layer, 
which extends under all trenches and under or 
through all foundations. This layer is continuous 
with the water-proofing on the outside of cellar 
walls. The sidewalk vault is reserved for the 
storage of coal. Four large steam boilers are 
located between the front row of columns and 
the second row. Near the boilers a sump was 
built, from which tile drains, with numerous 
branches, were extended to the cellar walls. The 
drains lessened, materially, the difficulties inci- 
dent to the construction of the floor, which has 
proved to be water-tight. Some trouble was ex- 
perienced in excluding fine sand from the drains. 
Access to the sump is had through a manhole in 
the cellar floor. The concrete under and along- 
side longitudinal trenches was much thickened 
and heavily reinforced. 

soundations for pumps, tanks, boilers and gen- 
erator sets were made by sinking sectional steel 
piles, which were filled with concrete. The piles 
extended to bed rock and were double. The diam- 
eters of the two pipes were about 6 in. and 5 in. 
The annular space between the tubes was about 
0.15 in. This spacing was maintained by means 
of steel balls sunk in hemispherical holes in the 
surface of the inner tube. The sections were 
6 ft. long and broke joints 3 ft. Three balls were 
placed at equal distances about the inner section 
near either end and on either side of the joint 
position of abutting outer sections. The lower 
end of the pile was formed of a full section of 
outer tubing and a half section of inner tubing. 
By using a temporary half section of pipe at the 
top, when driving, the constant lap of 3 ft. was 
maintained. All pile sections were delivered at 
the site with both ends faced at right angles to 
the axis of the pipe. 

All of the sectional piles were driven with the 
pneumatic hammer already described. In setting 
the machine at work on a pile of a diameter 
different from the one last driven, the ring which 
filled the annular space between the latter and 
‘the cap embracing the same is removed and 
another inserted. The function of the ring is to 
fill the space between cap and pile in order that 
the machine may be centered on the pile and held 
securely in position. The cap fixes the upper limit 
of pile diameters. The lower limit is 5 in. 

A few of the machines included in the plant 
have fly-wheels so large as to require pits which 
extend below the cellar floor. .The foundations 
of such machines and a few others were rein- 
forced with steel bars. Round bars were used 


"exclusively on the Knickerbocker site. 


The architects of the building were Messrs. 
Schickel & Ditmars. Mr. Ira Watts was the 
consulting engineer for the owner. M. Reid & 
Co. were the general contractors and Clark & Co. 
the contractors for the pile and concrete work. 

O1tep Roaps are being investigated by the Kan- 
sas Agricultural College, in order to ascertain 
whether the Kansas oils can be used for highway 
work. About a quarter of a mile of sand road 
near Hutchinson has been sprinkled with 4,000 
gal. of oil, the roadway being 32 ft. wide. A 
gumbo road at Manhattan has also been treated. 
The heavy black soil was first loosened to a depth 
of 4 in. and pulverized with disk harrows. An 
inch of the coarsest sand obtainable was then 
spread over the top and three applications of 
oil made. The oil is the residuum after removing 
kerosene and gasoline. Both roads are still in 
the experimental stage. 


Marcu 3, 1906. 


Marble Cutting for the New York Public 


Library Building. 


The $3,000,000 Public Library Building which is 
now being constructed at Fifth Ave. and 4e2d 
St., New York, will contain about 500,000 cu. ft. 
of white marble. The marble is of a very fine 
uniform texture from the quarries at Dorset, Vt., 
and is shipped to New York City on flat cars. 
Except the large pieces required for columns and 
other special purposes it is received in rectangular 
blocks of from about 10 to 50 cu. ft. and all pieces 
are cut to dimensions and polished, carved and fin- 
ished on one or more sides at a shop established 
for the purpose at Port Morris in the Borough 
of the Bronx, New York, by Norcross Bros., the 
general contractors for the building. The building 
was erected early in 1902, and was equipped with 
a complete and abundant installation of improved 
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yard adjacent to the side wall of the shop. This 
crane unloads the marble and stores it in the 
stock yard between the tracks or delivers it to 
the narrow. gauge surface tracks running trans- 
versely through the shop, and to the cars on a 
transfer track that serve the principal gang saws. 
The yard crane also unloads coal, sand and other 
supplies required by the plant. All work is done 
inside the 132x175-ft. shop, which has a wooden 
roof and walls and is divided by rows of longi- 
tudinal columns into four aisles. The first aisle, 
35 ft. wide and 16% ft. high in the clear below 
the roof trusses, is adjacent to the transfer pit, 
and is chiefly occupied by the gang saws, steam 
boilers, power and electric plant. This aisle has 
a flat roof with untrussed transverse wooden 
beams intermediately supported by vertical posts. 
It is not equipped with traveling cranes but de- 
pends on stationary jib cranes for the service of 
its tools. 

The adjacent 45-ft. aisle has a clear height of 
27 ft. to the lower chords of the wooden roof 
trusses and is served by two 10-ton electric cranes 
manufactured by the Niles-Bement-Pond Co., 
which have a clearance of 21 ft. above the floor 
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z Location of Tools in Marble Cutting Shop. é 


machinery for this class of work. It corresponds 
essentially with several other plants established by 
Mr. Norcross at Providence, R. I., at Marblehill, 
Ga., Tuckahoe, N. Y., Cleveland, Ohio, and a 
brown stone plant at East Long Meadow, Mass. 
Some of these plants are intended for general 
stone cutting, some are adapted for interior work 
and this is more especially intended for a ma- 
jority of exterior work. It therefore serves as 
an illustration of the arrangement and methods 
for cutting high grade structural stone work of 
uniform character in large quantities. 

Quarried stone is received on two tracks from 
the Port Morris branch of the New York Central 
& Hudson River R. R., entering the yard on a 
curve and crossing from side to side at one end 
of the building, as indicated in the general plan. 
The tracks are crossed by a 15-ton electric girder 
crane of 50-ft. span and 20-ft. clearance above 
the ground, manufactured by the Niles-Bement- 
Pond Co., and traveling from end to end of the 


and travel from end to end of the building on 
12xI2-in. wooden girders supported on IoxI2-in. 
wooden posts in the planes of the regular trans- 
verse bents 15 ft. apart. In this aisle are located 
most of the smaller machines and rubbing beds, 
and all other machines are placed in the side 
wing. They are arranged near one side of the 
aisle, many of them being placed between the col- 
ums so as to leave as much floor space as possible 
vacant for handling the marble and for hand work 
on it. The two side aisles are 26 ft. wide, and 
from 17 to 20 ft. in clear height and are covered 
with a lean-to roof supported on transverse un- 
trussed rafters carried by 1oxio-in. longitudinal 
wooden girders on vertical wooden brackets sup- 
porting in each aisle the 1oxio-in. longitudinal 
wooden girders for the traveling cranes. In one 
aisle there are three 4-ton cranes operated by hand, 
in the other aisle there are two 1%4-ton and one 
3-ton cranes with hoists made by the General 
Pneumatic Tool Co. There is also one 4-ton hand 
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crane in this same aisle. These cranes and the 
narrow gauge surface tracks parallel with them 
serve the stone cutters who occupy the two aisles 
exclusively for hand work. 

In general the marble is delivered by the stock 
yard crane to the transfer cars which carry it to 
the gang saws where it is handled by stationary 
derricks and whence it is moved by the transfer 
cars and on the transverse surface tracks to the 
middle aisle and distributed longitudinally by the 
traveling cranes to the rubbing beds, planers, 
headers, lathes and polishing machinery. After 
the machine work is completed the stone is again 
handled longitudinally by the tracks on the floor to 
the traveling cranes in the two side aisles by 
which it is distributed longitudinally throughout 
the shops to the large force of hand workmen who 
finish, dress and carve it. When completed the 
marble is sent out of the shop by the surface 
tracks or by the cranes in the center aisle, which 
have long runways extended through the yard 
across the railroad tracks to provide for loading 
the material on cars and trucks for shipment to 
the library building. 

All machinery is of standard or improved de- 
sign and is arranged as indicated by the reference 
numbers in the accompanying plan. Some of the 
larger machines are operated by individual motors 
made by the General Electric Company. The re- 
mainder are driven by belts from a main shaft 
extending. through the roof trusses from end to 
end of the building close to the center aisle col- 
umns. Power is furnished by a 300-h.-p. Atlas 
engine and two 300-h.-p. Atlas boilers. Compres- 
sed air is furnished by an Ingersoll-Sergeant air 
compressor, and there is a 75-h.-p. General Elec- 
tric dynamo furnishing the current for the trav- 
eling cranes, for the diamond saw machines, for 
the fans providing blast for four forges in the 
smith shop, for six arc lamps and a large num- 
ber of incandescent lights. Boiler feed water is 
taken from the city mains and water for the 
machines is ptimped from an artesian well to a 
roof tank. There are no skylights but the shop 
is lighted through large areas of wall windows, 
and in summer through the open sides where sec- 
tions of the sheeting are temporarily removed. In 
winter heat is provided by two lines of horizontal 
steam pipe coils extending from end to end of the 
building and attached to the upper parts of the 
center aisle columns so as to give clearance for 
passing underneath them. The shop is not floored 
and the foundations of the heavy machines are 
made with concrete and timber bases seated on 
the soil a short distance below the original level 
surface. 

The machines designated by the reference num- 
bers are as follows: 

No. 1, Preston Machine Co.’s lathe, 20 ft. long, 
48 in. swing; capable of finishing a 24-in. column 
15 ft. long in one week. 

No. 2, 18-in. Header built by the Young & 
Farrel Machine Company, Ansonia, Conn., and 
erected by Daniel H. Hunt, New York; used for 
making moldings; cuts on both direct and return 
strokes. 

Nos. 3, 4, 5, 80-in. Hunt planers used for mold- 
ings. Both header and planers are used to make 
an accurate bed face after the stone has been 
hand dressed or comes from the gang saws. 

Nos. 6, 7, rubbing beds, 14 ft. in diameter, 
manufactured with under drive by F. R. Patch, 
Rutland, Vt. 

No. 8, Patch 12x6x14-ft. planer. 

Nos. 9, 10, 11, Single 12x3x3-ft. planer manu- 
factured by the Lincoln Iron Works. 

No. 12, Patch 8x3x3-ft. single planer. 

Nos. 13, 14, Lincoln 12-ft. rubbing bed. 

Nos. 15, 16, Lincoln 10x7x7-ft. gang saws with 
double pitmans. 

Nos. 17, 18, Patch 10x8x7-ft. double pitman gang 
saws. 
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No. 19, Lincoln 12x8x7-it. double pitman gang 
saw. 

Nos. 20, 21, Patch 15x8x7-ft. and 16x12x7-ft. 
double pitman gang saws. 

No. 22, Lincoln iron frame 12-ft. rip saw. 

No. 23, Straight cut diamond saw with 12-in. 
blade, manufactured by Willard Meyers, Long 
Island City, N. Y., and having a capacity of 24 
in. per hour. 

Nos. 24, 25, Meyer’s 60-in. circular saws with 
a capacity of 4 in. per minute. 

No. 26, Double blade 60-in. circular diamond 
saw manufactured by the Geo. Anderson & Co., 
Comoustie, Scotland, capacity 12x12x2% ft. stone, 
speed 5 in. per minute. 

Nos. 27, 28, Patch 13-ft. rubbing beds. In 
the stone-cutting aisles there are about 100 pneu- 
matic tools supplied by H. C. Kotten and J. H. 
Dallett, and operated by air at 100 pounds pres- 
sure delivered through two-way openings 14 ft. 
apart in a pair of 4 in. longitudinal mains run- 
ning through the side aisles. 

The gang saws each have a large horizontal 
frame suspended over the bed by means of four 
inclined arms engaging an upper horizontal rock- 
er shaft perpendicular to the vertical planes of the 
saw blades. The rocker shaft is driven by two 
connecting rods from the main shaft eccentrics 
and causes the frame to move back and forth 
with a pendulum motion and an 18-in. stroke. It 
is simultaneously, fed downwards at an avetage 
rate of about 3 in. per hour by means of vertical 
screws and nuts operated by an adjustable ratch- 
et device connected with the pitmans. The 
straight horizontal saw blades are set in the recip- 
rocating frame in groups of two or more and may 
be spaced as close as 1% in. apart over the bed 
which is about 6 ft..wide and 12 ft. long. The 
blade cuts with sand which is continually deliv- 
ered to the work suspended in streams of water 
which flow over the surface of the stone and into 
the cuts. 

When operations are commenced about a bushel 
of sand is shoveled by hand on the surface of the 
stone and is washed over it and to the cistern be- 
low by the feed-water. This water is agitated 
and is raised by a special pump to a reservoir 
on top of the machine whence it flows by gravity 
through the distributor. After a time the sand 
is so thoroughly mixed with the water that it 
remains in suspension and passes over the work 
and through the pump and reservoir without re- 
quiring much addition. It is, however, carefully 
watched and more sand is thrown on if the 
water becomes too clear. The reservoir distrib- 
utes the water across the full width of the 
machine so that it falls in a wide sheet over the 
entire face of the stone. The progress of the 
saws depends on the number of blades. in use 
at once and varies from 2 to 4 in. vertical feed 
per hour. The machine makes 94 strokes per min- 
ute and 7 machines are operated by one man. 

In order to secure an exact surface to cut the 
stone by, one side of each block is generally 
finished on the rubbing machine after it comes 
from the gang saw. This machine has a 
horizontal circular table driven by a vertical shaft 
and mitre gear making about 4o revolutions ‘per 
minute. Two or three blocks are usually placed 
on this bed at once and held stationary by fixed 
stops which engage them. Their weight presses 
them against the face of the smooth table and 
in 5 or 10 minutes they are ground accurately 
by the action of the fine sand which is carried 
to any point of the table by means of an adjustable 
stream of water flowing through a trough filled 
with sand. 

The consumption of sand for the gang saws 
and the rubbing machines is about 100 tons per 
month of a very fine quality brought from a pit in 
Long Island.* From the gang saws the sand and 
water are delivered through pipes with a steep 
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pitch to a 14x10 ft. cistern 8 ft. deep where the 
sand settles and the clear water overflows to the 
sewer. This cistern is provided with three parti- 
tions, two of them having passages for the water 
over their upper edges and the center one having 
a narrow passage between its lower edge and the 
bottom of the cistern, thus forming a trap with a 
settling chamber on both the outlet and the inlet 
sides of the cistern. By this means the water cir- 
culates up and down and back and forth and de- 
posits a large quantity of sand which is cleaned 
out about once a week and is used over and over 
again in the gang saws. A much larger quantity of 
sand is required for the rubbing beds, and is col- 
lected in open gutters delivering to settling basins 
for each machine which are cleared out every few 
hours. From these basins the effluent water pass- 
es to the cistern described and deposits there a 
large part of the remainder of its sediment. 
About 350 men are employed in these shops and 
have turned out as much as 6,000 cu. ft. of cut 
stone per week. Some of the stone is elaborately 
moulded and carved with a large amount of deli- 


cate hand work and when this is in the shop the’ 


product is, of course, less than above stated. The 
shops have been in operation about three years, 
and the work for the library building is about 
three-fourths finished. The plans were made in 
the Worcester office of the Norcross Bros., and 
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Building a Marsh Highway Near New York. 


About two years ago an ordinance was passed 
by the City of New York authorizing the wid- 
ening to roo ft. of Westchester Ave. in the 
Borough of the Bronx, for a distance of 13,000 
ft., extending from the Bronx River: to the 
former village of Westchester. This street is 
what was formerly known as Westchester Turn- 
pike, one of the early roads of Westchester 
County. It was originally 60 ft. wide except 
for a stretch of about 1,700 ft., where it crosses 
a salt meadow, where the width was but 25 ft. 
The contract, involving about $320,000, was let 
to Mr. John C. Rodgers. The work requiring 
most consideration was the filling in of that por- 
tion across the meadow which was begun April 
21, 1905, and finished Dec. 28, 1905, during which 
time a total of about 350,000 yd. of material had 
been handled. 

The salt meadow through which the road passes 
is a part of an inlet from Long Island Sound. 
It is covered largely by a turf about 1 ft. in 
thickness, underneath which is a mass of very soft 
wet material composed largely of peat and fib- 
rous vegetable matter in various stages of decay. 
It was found on making soundings that this 
bed had a depth of 25 to 30 ft., and was so soft 
that after passing through the top coating of 


View Showing Sinkage of Old Causeway Under Filling Material. 
the building was erected and the plant installed 
under the direction of Mr. Thomas O’Reilly, New 
York manager, assisted by Mr. H. E. Hayden 


as superintendent of construction. The shop is 
operated under the superintendency of Mr. W. T. 
Jeffers. 


An ArRICAN RAtLwAy ENTERPRISE which is 
spoken of highly by Consul Hollis at Lourenco 
Marquez is the construction of a line from. Lo- 
bito Bay to buluwayo. A few years ago an Eng- 
lish engineer secured a concession to build a 
railway inland from this place, which is about! 
20 miles north of Benguela, to reach some copper 
deposits. The British capitalists did not look 
with favor on the project, however, and it has 
now been revived on a different and larger scale 
by a Portuguese company, of which Col. Joaquim 
Jose Machado is the official head. Lobito Bay, 
although now so small as to find no place on most 
maps, is becoming of enough importance to have 
a regular line of steamers calling at it. Its har- 
bor is said to be very good, requiring only a 
small breakwater to make it a perfectly safe port. 
The railway line will first run to the copper 
region and then swing to the south to Matabele- 
land, thus affording a shorter line to that region 
than the route from: Cape Town. Col. Machado 
was the leading spirit in developing the port of 
Beira, and Consul Harris advises American 
manufacturers of railway materials for export 
to communicate with him at Lisbon. 


turf the sounding rods could be forced to the 
depth mentioned by the combined weight of three 
men pushing down on them. After reaching 
this depth the rods were driven with mauls un- 
til the resistance was such as to prevent their 
going further by this method. Wash borings made 
on adjacent streets since these soundings have 
shown the whole meadow to be underlaid by a 
stratum of very fine quicksand from Io to 15 
ft. thick. It was impossible to determine be- 
forehand just what proportion of material should 
be allowed for sinkage in making an embankment 
on this marsh, and this uncertainty was provided 
for by a separate lump sum item in the contract 
on which the contractor bid $15,000. 

The material used in this work was secured 
from dumping boards located in various parts 
of the downtown section of New York, whence 
it was transferred in scows to a point on West- 
chester Creek near the site of the work. The 
contractors having charge of the excavation 
work in the city, from which this material was 
taken, preferred to .allow its use in this way 
to sending it out to sea to be dumped, owing to 
the amount of time saved in hauling the scows 
back and forth. The scows were taken to the 
point mentioned and unloaded one day and re- 
turned to the dumping boards on the day fol- 
lowing; the time required for dumping them at 
sea was about three days. 

The nearest tidewater point at which scows 
could be unloaded was on Westchester Creek, 
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about two miles from the site of the dump. 
Here a dock was built and from it to the road- 
way the material was carried in dump-cars on 
a temporary railway. On this dock was located 
a 75-h-p. boiler and double-drum digger en- 
gine operating a Hayward orange-peel dredge 
having a capacity of 2% yd. This dredger was 
originally designed for a digging scow and was 
guaranteed to dig 2,000 yd. per day. The scows 
were brought to one side of the dock and un- 
loaded by this dredge into the cars ‘standing at 
the other side of the dock. As soon as one 
scow was practically emptied by the large dredge 
it was drawn further along the dock for clean- 
ing up and a loaded scow was brought into 
place behind it. A stationary derrick operated 
by a 15-h.-p. engine was used for cleaning up, 
which also loaded directly from the scows into 
the cars. The cars used were of the side-dump 
type, manufactured by the Continental Equipment 
Co., and had a capacity of 8 yd. each. They were 
made up in trains of eleven each, being drawn 
by two 30-ton Vulcan locomotives. The rapidity 
with which the work of handling the material 
from the scows was carried on is shown by the 
fact that during the period of April 21 to Dec. 
28, 1905, the time the work was in progress, 
692 scows, averaging 500 yd. capacity each, were 


handled by the contractor’s plant, giving an ay- 


erage of about 5 scows per day, all of which ma- 
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supported on bents spaced about 15 ft. apart. 
The material was dumped from this track to the 
causeway below, the trestlework being allowed to 
stand as the filling progressed, and afterwards 
the tracks shifted as widening progressed. The 
depth of sinkage of this old road that took place 
beneath the weight of new material is shown 
in an accompanying cut, the level of the orig- 
inal causeway being shown at the right and the 
settlement at the left. Measurements made at 
one point showed the surface of the old cause- 
way to have sunk 5 ft. The settlement is still 


more strikingly illustrated by the formation of 
mud waves extending out from the roadway 200 


Views Showing Mud Waves Formed by Sinkage of Filling Material, 


terial was used in making the meadow fill, The 
amount of material paid for as filling in this dump 
was about 135,000 cu. yd., the balance of the 
material sinking below the surface and was cov- 
ered by the item of sinkage. The elevation of 
the surface of the finished roadway above the 
surrounding meadow is 14.5 ft. at the highest 
point. Crossing the meadow parallel to the 
roadway and within the extension area was a 
causeway built about 1845. So far as could be de- 
termined, this causeway was originally construct- 
ed of rock and earth fill on a brush mattress 
foundation. The sinkage, however, was so great 
as to necessitate extensive repair work every 
few years. On it the contractor’s railway was 
located, the track being laid with 65-lb. rails, and 


ft. on each side and having a height in places 
of as much as 1o ft. 

At one point the old causeway had running 
beneath it a culvert which drained an area of 
500 or 600 acres lying to the north. In widening 
the avenue it was necessary to reconstruct this 
culvert. The contractor was given the option 
of building the culvert before the filling was done 
at this point or of waiting until after the filling 
was completed. He chose the latter course, 
though the culvert, which is constructed of rein- 
forced concrete on a pile foundation, was de- 
signed to withstand a hydrostatic bottom pres- 
sure of 2,000 lb. per sq. ft. had the former course 
been adopted. The culvert measures 8 ft. hori- 
zontal by 4 ft. vertical, inside dimensions, and 
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is composed of 1:3:6 concrete, with Lehigh Port- 
land cement and trap rock; ‘the reinforcement 
being Johnson corrugated bars. The bars are 
spaced 4% in. on centers in the top and bottom 
courses, and 12 in. on centers in the sides of the 
culvert. The culvert was constructed inside a 
cofferdam of wood sheet piling holding back the 
water, which had formed quite a lake after the 
old culvert had been covered up. The culvert 
is supported on a pile foundation, the piles hay- 
ing been driven to a depth of 45 ft. in places. At 
the south end of the excavation it was found that 
the old causeway, beside sinking under the weight 
of the filling, had shifted to such an extent that 


it was impossible to drive the piles deeper than 
30 ft. at that point. The pile driver used had a 
2,500-lb. hammer, and the maximum penetration 
was about 6 in. per blow under a fall of 15 ft. 
The work of widening Westchester Ave. was 
done under the supervision of the Bureau of 
Highways of the Borough of the Bronx, Mr. Jo- 
siah a. Briggs, chief engineer, Mr. S. C. Thomp- 
son, engineer of highways. Mr. B.C. Gollier was 
the assistant engineer in charge of the work. 


A New Heavy-Duty Enerne of the tandem 
compound condensing Corliss type has been de- 
signed by the Wm. A. Harris Steam Engine 
Co. for the Atlantic Mills of the National Lead 
Co. It is intended to run at 100 r.p.m. with a 
steam pressure of 150 lb. at the throttle. The 
cylinders are 18 and 36 in. in diameter and the 
stroke is 42 in. A 600-kw. generator will be 
mounted directly -on the main shaft, and at the 
extreme outboard end of the shaft there will 
be a heavy friction clutch. The shaft is 19 
ft. long and 18 in. in diameter where the 60,000- 
lb. flywheel and generator are mounted; at the 
main bearings it is 16 in. in diameter. Owing 
to the character of the service the engine must 
perform the pillow blocks are provided with both 
vertical and horizontal adjustments. The valves 
are double-ported and operated by three eccen- 
trics, one for the steam valves, one for the high- 
pressure exhaust valvesand one for the low-pres- 
sure exhaust valves. The Brown valve gear 
is used, without wrist plates, and a new form 
of unhooking device is employed. 


The New Portland Bridge. 
By H. A. Crafts. 

The bridge across the Willamette River at 
Morrison St., Portland, Ore., which was recently 
rebuilt, is the most important artery of commerce 
and travel between the eastern and western parts 
of the city. The old bridge consisted of four 
combination spars and a steel draw 308 ft. in 
length. It was built in the early eighties, and had 
become inadequate to the increased demands 
placed upon it in late years. The construc- 
tion of the new bridge involved some difficult en- 
gineering problems. The point was to remove the 
old structure and build the new, and at the same 
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by careful operation the piles were cut off to a 
true level. 

Upon the top of this pile foundation was placed 
a grillage made of surfaced 12x12-in. timbers, 
the lowest courses being built up solid and thor- 
oughly bolted together with screw and drift bolts. 
The main parts of the grillage were built on 
ways on shore, launched and lowered to place. 
After being located, piles were driven around this 
foundation, to which were attached 12x12-in. 
spuds, three on each side, and these were so 
arranged as to hold the grillage in exact position 
and to guide it as it was lowered to place. 

This timber base was 51 ft. square, and after 
the base was in place open courses of 12x12-in. 


Timber Grillage Platform used in Constructing Turntable Pier. 


time cause no serious interruption of traffic. In 
the second place there was the navigation of the 
river, which it would not do to interrupt for any 
considerable period. There was a depth of water 
in the main channel of about 60 ft. at low water 
and this tended to complicate the situation. It 
was estimated that there were not less than 30,- 
000 persons crossing the bridge daily, and between 
700 and 800 street cars, to say nothing of the 
general traffic crossing and recrossing the bridge. 

The contract for the work was let to the Pa- 
cific Construction Co., of San Francisco, in No- 
vember, 1903, and work was begun in January, 
1904, and was completed in February, 1905. The 
new bridge is a steel structure consisting of a 200- 
ft. skew span at the west end, a 384-ft. draw span 
and two 269-ft. common spans. The piers beneath 
the fixed spans are Cushing piers, the cylinders 
being 14 ft. in diameter up to above low water 
mark and 9 ft. in diameter in the top. section. 
The center pier, which was in 60 ft. of water 
at the river’s lowest stage, is composed of a foun- 
dation of 256 piles, which were driven with a 
4,600-lb. hammer to depths varying from 33 to 
48 ft. 

The cutting off of these piles and the build- 
ing of the pier were among the more difficult 
problems encountered in the work. In order to 
insure stability for this pile foundation it was de- 
sirable to cut the piles off as close to the bottom 
of the river as possible. At the same time it was 
absolutely necessary that the piles be cut to a true 
level. To perform this difficult task the con- 
structors designed a rig consisting of a carriage 
running on tracks, built upon solid false-work, on 
which was placed a second carriage working 
across the first. Suspended from this upper car- 
riage was a four-post steel frame built of angles 
and ‘rods, extending down to the required depth, 
and upon one corner of which was carried the 
shaft to which was attached a 5-ft. circular saw. 
This saw was operated by an electric motor, and 
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Extraordinary measures were taken by the con- 
structors to permit the passage of cars during 
the process of construction, which made it neces- 
sary to raise the tracks over the falsework for the 
fixed spans some 6 ft. and providing an incline 
from the old draw span for the operation of the 
cars. This was done so that the new floor beams 
might be placed in position, the new floor being 
some 4 ft. higher than the old one. 

In order to construct the westerly span without 
stopping traffic it became necessary to cut off 40 
ft. of the old draw span.’ This was done during 
one night and the connection made and the draw 
operated in this shape for a considerable period, 
being kept in balance by counterweights. 

It was the original design of the contractors to 
cut off 7o ft. of the easterly end of the old draw so 
as to permit the building of the center pier top 
without interruption of traffic; but in consequence 
of an objection coming from the United States 
government the city permitted the closing of the 
bridge to traffic for 42 days, during which time the 


the old draw was removed and the new one con- 


structed. 


The U. S. government also required that all old 
piers that had been built of stone on pile fown- 
dations be removed to a depth of at least 30 ft. 
below low-water mark. This was done by the 
employment of divers and heavy floating steam 
derricks. Navigation of the Willamette River 
was not closed at any period during the entire 
work of ‘construction. 

The old bridge had a roadway 21 ft. wide, and 
two sidewalks; the new bridge has a roadway 
36 ft. wide and two 7-ft. sidewalks. The bridge 
was built under a special act of the Oregon legis- 
lature which authorized the city of Portland to 
issue bonds amounting to $400,000, and the price 
paid to the contractors was $381,573. The new 


New Willamette River Bridge, Portland, Ore., 


timbers with openings about 9 in. wide were laid 
and securely drift-bolted, one course to another. 
As it was built-up this whole mass was submerged 
by loading it with gravel, the three top courses 
and three base courses being solid. 

This timber grillage reached within three feet 
of low water mark. On top of it was placed a 
steel cylinder 46 ft. in diameter and about 30 ft. 
high. This cylinder was filled with concrete and 
now carries the turn-table machinery. 

In removing the old fixed spans and erecting 
new ones a six-post traveler was used, the ma- 
terial being brought to the site on cars froma 
storage yard on asrailroad switch some six blocks 
away. 


bridge was designed in all its details by Mr. F. 
A. Koetitz, vice-president and chief engineer of 
the Pacific Construction Co., and was erected un- 
der the immediate supervision of Mr. F. M. But- 
ler, secretary of that company, and under the 
direct superintendence of Mr. F. B. Field, general 
bridge superintendent. 


Two 100-Ton Frat Cars have recently been 
built for the Allis-Chalmers Co. for transporting 


- very heavy pieces of machinery. They are 16- 


wheel cars, 41 ft. long, and are built low in order 
to secure the necessary clearance. Evidently the 
company is not afraid of the “private car line” 
agitation of the yellow magazines. . 
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‘The Oregon Short Line Ice Pond, at 


Humphrey, Idaho. 
By H. A. Roberts. 


During October and November, 1905, the Ore- 
gon Short: Line R. R. constructed a dam for im- 
pounding water from which to cut ice at Humph- 
rey, Idaho. Humphrey is located near the top 
of the divide where the railroad crosses the main 
range of the Rockies between Idaho and Montana. 
In previous years ice was cut from the Snake 
River at a point near Market Lake, but owing to 
the shortness of the season, the harvest was us- 
ually many tons below the desired amount. 
Humphrey was chosen as an ideal spot both as 
regards natural location for a reservoir site and 
length of season. The railroad winds up through 
Beaver Canon, a rocky, narrow gorge, and at 
Humphrey comes out upon a plateau about one- 
quarter of a mile wide, keeping close to the foot- 
hills along the west side. The natural slope of 
the ground toward the head of the canon is ap- 
proximately one per cent. A wye is located 
here on the east side of the main line and two 
sidings on the west. 

The site of the dam was chosen along the east 
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a large amount of this sod or be compelled to 
make a prohibitively long haul for good earth. 
The ground on the dam site was ploughed before 
grading was begun, in order to break up the sod 
and aid in forming a bond between the natural 
soil and the embankment. During construction 
the open ground at times froze 1 to 2 in, during 
the night so that it was necessary to keep a team 
ploughing during part of the night in the borrow 
pits. The days’ were warm so that by noon the 
frost was all out of the ground in the pits. Ow- 
ing to the amount of sod and frozen material put 
into the dam, it was impossible to keep the “lift,” 
or layers, less than 2 ft., and at times it was much 
more than this. The work was done by contract, 
and the contractors had only No. 2 wheelers for 
this work so that the material received a thor- 
ough tamping by the teams. This soil contained 
a considerable amount of alkali and in places 
looked almost like a natural cement. It was 
quité moist, so that there was no need of sprink- 
ling. 

Water was turned into the reservoir as soon 
as the grading was finished. It took 24 days to 
fill the reservoir to the desired height, 2 ft. below 
the top of the dam. In spite of the unfavorable 
conditions under which the dam was built, up to 


Erection of Cylinder for Turntable Pier, Willamette River Bridge. 


side of the main track, extending along the north 
leg of the wye to the foot-hills. The length of 
the dam is about 1,800 ft., the highest point above 
the natural surface of the ground 12 ft., the sur- 
facé of the impounded water covers about 20 
acres. The dam is constructed so that the slope 
of the bank comes within 2 ft. of the end of the 
ties. The grade of the roadbed thus forms a but- 
tress for the dam. The back slope is 114:1, the 
front slope 2:1, the crown 6 ft. It is built en- 
tirely of earth and contains nearly 12,000 cu. yd. 
The land upon the site of the reservoir has 
been used for many years as a wild hay meadow. 
The top soil varies from a few inches to about 
three feet. Underlying this is a bed of coarse 
gravel. Fearing that this gravel might allow the 
water to leak out, no borrow pits were allowed 
to be made into it, and whenever gravel was 
struck, the borrow pit was abandoned. Later 
development showed this theory to be correct. 


The sod formed by long use as a hay field was 


quite thick and tough. It was necessary to use 


the present time, Jan. 15, no water has come 
through the embankment. As the reservoir grad- 
ually filled, considerable water began to rise be- 
low the dam and on the west side of the main line 
between it and the sidings. This was due to the 
fact that in several places the gravelly subsoil was 
exposed at high points and in the beds of old 
channels. It is expected that the bottom will 
gradually silt up and stop most of this leakage. 

The natural course of the creek which feeds the 
pond lay in a line parallel to the track and about 
150 ft. from it on the site of the reservoir, pass- 
ing through a bridge under the wye track. A 
relief gate was built to discharge through this 
bridge. It was constructed entirely of timber 
with wing walls 15 ft. long on each side. The 
latter were constructed by driving sheet-piling 
close against a stiffening framework. Sheet-pil- 
ing was also driven along the sills beneath the 
gate. This driving was done by hand. Thor- 
ough tamping with iron tamping bars was done 
around the gate and wing walls. 
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A spillway was constructed at the-end of the 
dam next to the foot-hills. This spillway was 
formed by simply excavating into the solid ground 
of the hillside and making a channel leading 
away from it. A timber was sunk for the crest 
with supporting posts behind it and riprap laid 
by hand 12 ft. on each side. 

All the ice cut is shipped to other stations on 
the road for.storage where it will be needed. 
At the point where the ice is loaded on the cars 
the top of the dam is 7 ft. above the top of the rail. 
An elevator is used for lifting the ice to a height 
of about 8 ft. above the top of the dam. It is 
then dropped through a chute into the cars. The 
elevator was purchased from an eastern firm and 
is made to be used in an upright position. How- 
ever, it was found that slush ice and chips accu- 
mulated around it so rapidly that it blocked the 
runway in a very short time. The elevator was 
then inclined about 45 deg. and in this position 
carries the slush ice and chips to the top and 
drops them free of the runway. 

The chute curves sharply from the elevator until 
it lies in a line parallel to the track's ft. 6 in. 
from center of track to side of chute and is long 
enough to load four cars at one time. Short 
aprons bridge the opening between the cars and 
the chute. For diverting the cakes of ice into the 
cars, a Switch made of 3-in. wrought iron pipe is 
used. This pipe is 6% ft. long and curved so that 
the distance from chord to curve is about 12 in. 
On the down grade end is a piece of pipe of same 
diameter put on with a union at right angles to 
main pipe. This fits into a wooden socket loosely 
enough to allow revolution. When switch is closed 
the free end of the pipe rests against side of car; 


_ when open it rests against a post on the opposite 


side of the chute from the car. As the elevator 
can be operated fast enough to lift twelve to six- 
teen cakes of ice per minute, it takes careful 
watching and quick action in order to keep the 
cakes evenly distributed among the four cars. 

A second-hand engine and boiler were rescued 
from the scrap heap at the Pocatello shops, and 
with slight repairs, put into good condition for 
use in running the elevator. With about 45 men 
to operate it, this plant can cut and load between 
20 and 30 cars a day, averaging 20 tons to the 
car and costing about 16 cents per ton. The cost 
of grading was $2,200; for relief gate, $135 for 
material and $165 for labor. The elevator cost 
about $300. Other prices are not yet obtain- 
able. 

The. quality of the ice, the convenience and 
cheapness in loading and above all the certainty 
of the season make this, from the present out- 
look, a very successful plant. The work was 
done under the supervision of Division Engineer 
R, B. Ketchum. 


Tue Automatic Stop VALvEs used. on the 
Vyrnwy aqueduct of the Liverpool ‘water-works 
have occasionally been designated as unnecessary 
precautions against a very remote contingency. 
Yet it appears from the “Builder” that a break 
in the aqueduct has happened and one of these 
valves operated in the manner intended, stopping 
the flow above the valve and preventing what 
might have been a serious flood. This apparatus 
is of the type illustrated in this journal on Jan. 
19, 1895. It consists of a main gate closed by a 
heavy weight in about fifteen minutes, a rate 
fixed by a sort of dash-pot. The closing takes 
place most slowly toward the end of the move- 
ment, when the danger of water hammer is 
greatest. The gate mechanism is held in place by 
a trigger, which is released by the movement 
of a disk suspended within the main so as to 
have its position changed by a sudden marked 
increase in the velocity of flow in the pipe such 
as would be caused by a break in the aqueduct. 


Portion of New Wall and Old Tunnel. 
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THE RECONSTRUCTION. OF. THE OSSINING TUNNEL, NEW 
YORK CENTRAL R. R. 


"The double track of the New York Central 
& Hudson River Railroad at Ossining, has oc- 
cupied a narrow space terraced out of the earth 
and rock between the shore of the Hudson River 
and the foot of the steep bank. For a distance 
of about 1,000 ft. opposite the buildings and yard 
of the Sing Sing State prison the tracks’ were 
partly in’an open cut with stone retaining walls 
and partly in two double-track tunnels about 400 
ft. and 200 ft. long respectively, with stone side 
walls about 10 ft. high above base of rail which 
supported, at the springing line, a segmental 
brick arch roof of 24 ft. span and about 7 ft. 
rise with a thickness of 2 ft. at the crown and 
a total clear height of about 17 ft. above the 
base of rail. 

The improvements comprised in the electrifi- 
cation of the metropolitan zone of this railroad 
system include the change from two tracks to 
four tracks at this point and it was decided to 
leave the existing tracks in practically the same 
position that they now occupy on the river side 
of the right of way, making a cut on the land 
or east side of the right of way to receive the 
two new tracks. It was also decided to reduce 
the tunnel construction to one section of four- 
track structure 400 ft. long, besides which there 
is to be about 1,700 ft. of new concrete facing 
for the rock cut and retaining wall for the sur- 
charge of earth. 

It was required to make these improvements 
without any interruptions to the very heavy 
traffic of freight and express trains. The old 
tunnel and retaining wall construction was _ all 
to be removed, a considerable amount of rock 
excavation which required blasting was to be 
made close to the old tracks and the new mason- 
ry was to be built alongside of, and over them. 
The old tunnels were probably built in open cut 
and the back fill over them consisted of earth 
with a maximum depth of about 6 ft. part of 
it being sodded and part paved to form a road- 
way opposite the prison entrance. It was de- 
cided to remove the old structures and build the 
new in open cut. This plan presented serious dif- 
ficulties on account of the location, the restricted 
space and the heavy traffic, but has now been 
carried well towards completion in a successful 
and satisfactory manner. 

The right of way on the west or river side is 
bounded by a massive stone wall about 14 ft. 
in height, which surrounds the prison enclosure 
and serves more as a barrier than as a retaining 


wall. This wall will remain undisturbed except 
for such repairs as may prove necessary, and 
therefore is not an important factor in the re- 
construction. The concrete retaining wall on the 
opposite side of the tracks is from 8 to 30 ft. 
high with an averaged height of about 20 ft. It 
is founded throughout on rock generally at or 
above the track level. The rock is of a mica- 
ceous character common in this locality and has 
irregular stratification, generally dipping approx- 
imateyl 45 deg. The surface slopes towards the 
river and in most places here there is above it 
from 2 to 10 ft. of clay, sand, gravel and loam 
covered with grass, trees and bushes. 

The rock cut is made with a rough vertical 
face and the earth above it is excavated with as 
steep a slope as will stand, usually about 1:1. 
The surface of the rock cut is protected with 
a solid concrete facing 30 in. thick at base of 
rail and battered 1:24. The face concrete is 
continued above the top of the rock to form an 
integral part of the retaining wall 33 in. wide 
under the coping, which is battered and offset 
on the rear face and is seated on the leveled 
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Relative Position of Side Wall and Old Tracks. 


sound rock as indicated in the typical cross sec- 
tion. A double bank of 32 vitrified electric wire 
conduits is built in the lower part of the con- 
crete facing or retaining wall. The footing and 
body of the wall are made with 1:4:7%4 and 
1:36 concrete, respectively, and the coping is 
made 1:2:4, all of them using Giant Portland ce- 
ment and 2-in. and 34-in. broken stone. Weep 
holes 4 in. in diameter are built in the wall at 
intervals of about 15 ft. and discharge through 
its face at rail level. On the back of the wall 
a gutter is formed in the surface of the rock, 
which conducts to the weep holes the drainage 
collected in the mass of loose broken stones piled 
against the back of the wall and covered by the 
back fill. 


The top of the bank is dressed to a slope of 
about 1%4:1 and finished with a paved gutter 3 
ft. wide and g in. deep adjacent to the coping of 
the retaining wall. The wall is provided with 
transverse vertical expansion joints about 50 ft. 
apart. It has refuge niches roo ft. apart and is 
buttressed on the rear at intervals of 120 to 
140 ft. to provide seats for electric transmission 
poles. There are splicing chambers about 8 ft. 
high and 3 ft. deep, formed in it with horizontal 
pieces of old rails, reinforcing the concrete in 


Breaking Down Tunnel Arch Between Train Movements. 


Marcu 3, 1906. 


the roof. Part of the wall is cn a tangent and 
part is curved so that with the special features 
here noted the construction became quite irregu- 
lar and required great care and accuracy to se- 
cure a good appearance. 

The excavation was carried about 18 in. below 
the base of rail and a shallow trench formed in 
the center to receive a 1o-in. drain pipe between 
the two new tracks. The old and the new re- 
taining walls are about 56% ft. apart in the 
clear and the side walls of the tunnel are 54 
ttiesaparieeat track level! “The ‘tunnel is 
made as indicated in the typical cross sec- 
tion with concrete side walls and center col- 
umns supporting a flat concrete roof. On the 
river side the side wall is offset on the back 


_ and has a maximum thickness of about 6 ft. at 


the bottom where it includes such a portion of the 
old tunnel wall as was found to be sound.» On 
the land side the wall‘is in some places simply 
a facing for the rock cut and has a maximum 
thickness of 30 in. In other places the upper 
part serves also as a retaining wall and is made 
thicker, corresponding in a general way to the 
retaining wall of the open cut. 

The columns are spaced about 12% ft. apart 
on the center longitudinal axis of the tunnel 


_ and are arranged in groups of 4 or 5 with their 
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stone curbs extends longitudinally over the full 
length of the tunnel roof, swinging from one 
side to the opposite side and making a short 
radius bend of nearly 90 degrees at the square 
portal end and a more oblique bend at the other 
end where it is tangent to the Skew portal. 
That portion of the tunnel roof not covered 
by the roadway is paved with 6 in. of cinder 
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tudinal tie rods about 3 ft. apart passing through 
them half way between the top and bottom, and 
enclosed by protecting diaphragms of solid con- 
crete 6 in. thick. 

Excavation for the two new tracks in open 
cut was made by ordinary methods of drilling 
and blasting, care being taken to use light charges 
of explosives and to avoid obstructing the adja- 
cent tracks with the debris. The excavated ‘ma- 
terial was handled by 2%4-yd. steel bail-dump 
buckets suspended from the trolley hoists of two 
800-ft. Mundy and Lidgerwood cableways set up 
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Central Supports of Tunnel Roof. 


bases united by a solid collision wall of concrete 
reinforced with horizontal rods to form piers in- 
tended to deflect cars and diminish the impact 
in case of a derailment. The tops of the columns 
are connected by two longitudinal 24-in. I-beams 
encased in concrete which support the trans- 
verse I-beams 20 in. and 24 in. deep, spaced about 
4 in. on centers. Between them are jack_arches 
forming the roof of reinforced concrete, flat on 
top, with a minimum thickness of 6 in. and 
stiffened by a series of transverse ribs about 12 
in. wide, 20 in. to 24 in. deep over all, and about 
4% ft. apart on centers. The details of the 


columns and roof and their reinforcement are, 


shown by the accompanying drawings. The roof 
and walls of the tunnel and the back of the re- 
taining walls in open cut are waterproofed with 
tar about 1% in. thick put on in three coats. 
At-one end the tunnel portal is at right angles 
to the tracks and at the other end it is oblique 
to them. In both cases it has a vertical wall 
rising about 2 ft. above the top of the tunnel 
roof and forming a parapet with panelled exterior 
surface and a coping continuous with that of 
the retaining walls of the open cut. A 20-ft. 
macadam roadway with paved gutters and cut 
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parallel with the tracks approximately on the 
center line of the excavation. One cableway was 
located south of the south tunnel and the other 
north of the north tunnel. The excavation was 
commenced before removing the old retaining 
wall and as fast as it was carried approximately 
to subgrade, a standard gauge track was laid 
in it close to the wall and connected with the 
main tracks so that platform cars could be run 
there to receive the excavated material from the 
cableway. 

The removal of the old tunnel was carried on 
simultaneously with the excavation of the open 
cut alongside. The earth was first stripped from 
the tunnel roof and a stiff-leg derrick with a 4o-ft. 
boom was seated on the brick arch near the end 
and moved backwards as the work progressed. 
A transverse row of holes. was drilled 15.in. into 
the brick work about 15 ft. from the end of the 
arch. Each hole was loaded with:%4 stick of 
dynamite and during the maximum intervals of 
38 minutes between trains the blasts were fired. 
These threw down the brick work in large mass- 
és on the main track and it was loaded by a 
large gang of laborers into the steel buckets and 
hoisted by the overhead derrick. The buckets 
were swung around underneath the. cableway 
and emptied as rapidly as possible so that in all 
cases the track was cleared and ready for traf- 
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Ceneral Design of Retaining Walls of Tunnel Approaches. 


concrete, forming a promenade which is crossed 
near one end by a transverse sidewalk with a 
surface of stone screenings which leads to the 
foot of a flight of concrete stairs supported on 
the solid earth of the embankment ‘slope. Near 
each portal of the transverse ribs of the tunnel 
roof are secured by pairs of horizontal longi- 


fic before the next train was due. This method 
involved rehandling the spoil when it was loaded 
into buckets and deposited by the cableway on the 
cars. This extra work was, however, justified by 
avoiding the delay which would have been occa- 
sioned by trying to handle the buckets directly 
from derrick to cableway. The old tunnel arch 
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could have been thus removed at the rate of about 
35 lin. ft.. per day, but it was delayed to keep 
pace with the side excavation, which progressed 
at the rate of about 50 ft. a week. It was at 
first proposed to provide a movable steel shield 
traveling inside the tunnel to protect the tracks 
during the removal of the tunnel arch, but this 
was found undesirable and the method above 
described has proved safe and satisfactory. 
The facing for the vertical siles of the rock 
cut was made by filling concrete into the space 
front of a mould made with horizontal plain 
left between the irregular rock surface and the 
boards nailed to vertical timbers. The latter 
was braced. by inclined struts on the outside and 
by wires anchored to the rock on the inside. 
The upper ends of the verticals were also secured 
by horizontal transverse timbers reaching to the 
rock or earth slope and serving to support a 
wheeling platform on which the concrete was 
delivered. The retaining wall above the surface 
of the rock was made with complete moulds 
having front and back faces and transverse 
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At the commencement of operations the con- 
tractors installed a power plant at the extremity 
of a dock about 4oo ft. from the south portal of 
the old tunnel. Here they established a stiff-leg 
derrick with a 40-ft. boom for unloading and 
handling materials and installed a McKiernan air 
compressor to deliver air at about 100 lbs. 
through two 3-in. mains extending from end to 
end of the work and provided with outlets about 
50 ft. apart to which branches were connected 
for the 6 Rand drills used for the rock work and 
for the removal of the old masonry. About 2,000 
ft. of 24 in. industrial track supplied by the C. W. 
Hunt Co. was laid from the wharf to the top of 
the bank adjacent to the work and about 4o ft. 
above track level and continued parallel with 
the track about 50 ft. away from it. A hoisting 
engine with a 54-in. tail line pulled one-yard dump 
cars loaded with sand, cement and broken stone 
from the wharf, where they were delivered by 
schooners, to the top of the bank and thence dis- 
tributed the stone and sand in piles containing 
about the quantity estimated for the work. 
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stone masonry, besides taking down and rebuild- 
ing 2 ft. back of the original position a large 
part of the old. wall on the river side of the 
track. Work was commenced in August, 1905, 
and has been prosecuted vigorously with an 


‘average force of about I00 men. 


The improvements above described have been 
designed and supervised by the engineering de- 
partment of the New York Central & Hudson 
River R. R., Mr. W. J. Wilgus, vice-president. 
The drawings were approved by Mr. Olaf Hoff, 
engineer of structures, who has since resigned 
to enter contracting. It was executed under 
the direction of Mr. W. H. Knowlton, principal 
assistant engineer, Mr. C. K. Lawrence, resident 
engineer in charge. Messrs. Ford & Waldo, 
New York, were the contractors. 


Prussian Highways. 


a A 
The Prussian highways were turned over by 


the royal authorities to the provinces, districts 
and counties in July, 1875. At that time their 


View of the Croton Dam While in Service before the Completion of the Crest. 


bulkheads. All moulds were made in 50-it. 
lengths corresponding with the locations of the 
expansions joints. No attempt was made to build 
them in movable sections and they were entirely 
knocked down and rebuilt for each portion of the 
wall. Usually the mould was stripped from the 
concrete any time after the latter was 24 hours 
old. Special care was taken when the concrete 
was laid to spade it next the face of the mould 
and insert there cement mortar to give a smooth 
and uniform surface to the concrete and avoid 
the formation of laitance which sometimes col- 
lects there and causes the separation of the sur- 
face when the latter is made with the use of a 
removable steel plate. After the concrete had 
set a few days the surface was well rubbed by 
hand with 2x2xto-in. corrundum bricks to give 
it an exceedingly smooth, uniform, white texture, 
which is very attractive. 


Two Ransome concrete mixers were installed 
on the slope just above the top of the retaining 
wall and were just located at opposite ends of 
the cut, and as the work advanced were moved 
along to eventually meet at the center. Mate- 
rials were delivered to them from above by 
gravity through wooden chutes. They discharged 
the concrete directly into barrows which were 
wheeled on runways above the top of the fin- 
ished wall and dumped into the moulds as re- 
quired. The derricks were operated by National 
double drum hoisting engines with boom-swing- 
ing gear and the concrete mixers were operated 
by individual steam engines furnished with the 
machines and run by compressed air. 

The principal quantities in the execution of 
this work inclttde about 10,000 yds. of concrete 
and the excavation of about 30,000 yds. of earth, 
15,000 yds. of rock and 5,000 yds. of old brick and 


total length was 59,024 km. According to the 
“Zentralblatt der Bauverwaltung,’ their length 
25 years later was 96,510 km. In this time the 
length of road per 100 sq. km. has increased 
from 16.94 to 27.7 km., and per 10,000 population 
from 22.93 to 28.03 km. The provincial roads 
alone have increased from 209,097 to 32,731 km., 


.and in this quarter century about $139,900,000 has 


been spent on them, or approximately $250 per 
mile per annum. This does not include the roads 
under the charge of the district and county 
boards, but it is not possible to secure any defi- 
nite data concerning them at present. 


A Stature or Matutas Batpwin, founder of 
the Baldwin Locomotive Works, has recently been 
presented to the city of Philadelphia by the of- 
ficials of the works, and will be placed in Fair- 
mount Park. 


Marcu 3, 1906. 


Pointing Ashlar Masonry on the new 
Croton Dam. 


The specifications of the new dam now being 
completed for New York City across the C:oton 
River, in Westchester Co., N. Y., prohibited the 
pointing of the work until after the masonry 
had been made for a considerable time. This 
prevented the pointing from being systematically 
done simultaneously with the advance of the 
masonry. +The pointing of the lower portion of 
the structure was, however, completed at various 
convenient times so as to enable the filling to be 
placed against the walls up to the bottom of the 
reservoir, and to the restored surface of the val- 
ley on the down stream of the dam, a height of 

\ about 150 ft. below the deepest part of the foot- 
ings. 

The cross section of the dam is about 26 ft. 
wide over all at the coping and 216 ft. wide at 
the lowest point. The up stream face is bat- 
tered very slightly above the bottom of the res- 
ervoir and somewhat more below this level. The 
down stream face is a curved surface with a 
batter which increases from the vertical at the 
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crest to more than I to I at the base. The heavy 
coping projects about 2 ft. on the up stream side 
and about 8 ft. on the down stream side, where 
it forms part of an ornamental cornice supported 
on projecting corbel arches of 16 ft. span, with 
faces overhanging the vertical plane. 

With the dam nearing completion strenuous ef- 
forts were made to advance the work with the 
utmost rapidity so that it might be put in ser- 
vice before it was entirely finished in order to 
store additional water supply for New York 
City in the fall and winter of 1904. The masonry 
thus advanced far beyond the pointing, the latter 
having been carried up only to about elevation 194 
on the down stream face and rro on the up 
stream face. The crest of the dam is at eleva- 
tion 216 and as the length over all, including the 
spillway is about 2,050 ft., there remained a total 
surface of approximately 400,000 sq. ft. to be 
pointed. The masonry on both faces of the dam 
was of large dimension granite ashler with rock 
face and dressed arrises except in the case of 
the coping and grnamental courses which are of 
cut stone. The regular courses average about 
24 in. high in the upper part of the dam and many 
of the headers and stretches have faces 40 in. 
and 78 in. long,-respectively. There was ap- 
proximately 18,000 lin. ft. of pointing to be done 
on the up stream side. 

Up to elevation 150, about 60 ft. above the level 
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of the finished grade, the curve of the down 
stream face of the dam slopes at an angle of about 
45 deg. with the vertical and it was possible to 
walk along on the horizontal upper sides of the 


offset courses without the use of scaffold or 


other protection. Above this level the inclina- 
tion became steeper and some sort of working 
platform was necessary, and being provided, was 
also utilized to facilitate the handling of ma- 
terials and tools for the pointing down to about 
elevation 130. Each platform consisted of a 
swinging scaffold of about 2% ft. wide and 14 
ft. long enclosed by a substantial hand rail around 
both ends and one side. It was suspended like 
a painter’s scaffold with two Manila rope four- 
part tackles attached to steel bales on the scaf- 
fold and steel hooks engage the finished coping. 
Four of these were provided and were easily 
moved by the two men that ordinarily worked on 
each. These two men average about 250 lin. ft. 
of pointing in 8 hours, and ordinarily. did the 
work in successive vertical strips about 14 ft. 
long and from 20 to 4o ft. in height. 

Near the top of the dam the height above the 
ground was so great that there was danger of 
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On the nearly vertical up stream face of the 
dam pointing was only completed to about eleva- 
tion 110 when the water was impounded in the 
fall of 1904 and rose to elevation 172, about 125 
ft. above the bottom of the reservoir. When this 
water was drawn oif for city service and subse- 
quently when the remainder below conduit level 
was wasted, advantage of its presence was taken 
to provide a floating scaffold from which the 
pointing was very advantageously done as the 
water level was lowered. When the water was 
being wasted the rate of discharge was regu- 
lated to correspond with the progress of the 
pointing so that the floating scaffold kept exact 
pace with the workmen and they were always 
maintained in the most convenient position. The 
714x32 ft. floating platform had a framework of 
4x4 in. longitudinal timbers bolted together with 
pairs of 2x4 in. transverse planks with 12-in. 
spaces between them, thus making a skeleton 
platform with spaces in which were wired secure- 
ly 10 empty oil barrels tightly sealed. These gave 
sufficient buoyancy to float the raft and its bur- 
den with the floor about 6 in. above water. The 
oil barrels were not in any way injured and the 
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Pointing Scaffold. 


dizziness for men working on the swinging scaf- 
folds. The overhanging of the cornice on the 
down stream face was also an obstacle for the 
use of such scaffolds, therefore a special rigidly 
framed traveling scaffold was used for the point- 
ing on both faces of the dam above elevation 104. 
This traveler was about 20x36 ftx in plan and 
was. constructed on the saddlebag principle. 
The horizontal framework had two transverse 
beams supported by double-flange wheels on rails 
laid on the up stream and down stream copings. 
These timbers projected 6 and 8 ft. beyond the 
rails, thus forming double cantilevers from which 
were suspended the scaffolds by means of two 
vertical or slightly inclined timbers at each end 
of each transverse beam. These vertical pieces 
were X-braced, transversely by struts and longi- 
tudinally by screw rods, thus forming rigid sus- 
pended towers in which working platforms were 
accessible by fixed ladders. The platforms were 
enclosed with protecting hand rails, and were 
made with cantilever projections extending them 
under the overhang, close to the face of the bat- 
tered masonry. Ordinarily about 6 men were em- 
ployed on the traveler at once, being distributed 
on both sides of the dam and on the different 
platforms as required. The traveler was easily 
pushed along by two or three men as the pointing 
advanced and each man on it averaged about 250 
lin. ft. of pointing daily. 


timber did not require framing or cutting. On 
this platform the men worked very comfortably 
and pointed an average of 250 lin. ft. per day 
» each. 

The joints had an average thickness of % in. 
vertical and % in. horizontal, and were first 
raked out thoroughly to a depth of'2 in., an op- 
eration which was rather slow and difficult on 
account of the great hardness attained by the 
mortar which was made 1 to 2 with Giant Port- 
land cement. The pointing was done with 1 to 1 
Giant Portland cement mortar driven in hard and 
finished concave with a rounded tool. The mortar 
was used quite dry and was mixed by hand on the 
floats as required. For the cut stone work the 
joints were not more than % in. thick and were 
not raked out more than 2 in. deep. 

The accompanying illustrations of thé traveling 
and floating scaffolds are necessarily of too small 
scale to indicate more than their relative posi- 
tion and general appearance, but they are ex- 
tremely interesting in that they show very clearly 
the magnitude and character of the great dam 
and recent features of its construction and ap- 
pearance that have not previously been published 
in the series of articles in these pages, which have 
illustratd most of the principal features of the 
work. The view dated April 3 shows in the 
foreground the important system of false work ' 
built on the lower face of the dam for the trans- 
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fer of materials and to support the derricks in 
building the upper part of the masonry as de- 
scribed in the Engineering Record of July 9, 
1904. This false work was built in successive 
stories as indicated by the offsets, and the der- 
ricks were moved up from story to story as was 
required by the progress of the masonry. The 
water impounded at this time had a maximum 
depth of about 120 ft. and a volume of about 
13,000,000 gal. or a litle over one-third of the 
ultimate capacity of the reservoir. At the time 
the picture was taken the water was being dis- 
charged through three 48-in. blow-off pipes in 
gate house No. 2 at the rate of 1,000,000 gal. in 
24 hours, an amount which caused the water level 
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between them. The saddlebag traveler is seen 
toward the farther end of the dam and two 
floating scaffolds are moored against the face of 
the masonry at the gate house. On one of 
them trestles about 10 ft. high are placed to 
enable the pointing to be extended to a height 
of 15 ft. above the surface of the water. This 
picture gives at the right a specially comprehen- 
sive view of the valley below the dam before 
the improvements were made there which were 
described in our issue of Jan. 6. ‘There can be 
distinctly seen here the power house and other 
buildings, roads, material tracks, and derricks be- 
longing to the contractor’s plant which have since 
been removed, as well as the untrimmed spoil 
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tors. Mr. Jules Preuchand has been in direct 
charge of the work and Mr. J. B. Goldsborough, 
Superintendent. 


A New Gas Calorimeter. 


A new gas calorimeter has been designed by 
Prof. C. V. Boys, one of the Metropolitan Gas 
referees entrusted With the enforcement of new 
regulations governing the quality of gas furnish- 
ed by the London companies. The instrument 
is intended to give more accurate results than 
older forms without being any more complicated 
in operation and was described by him in a 
paper read a couple of months ago before the 


View of Downstream 


to be lowered from % ft. to 4 ft. daily. This 
rate was regulated to suit the progress made by 
the pointing crews and had nothing to do with 
the execution of the work above described. The 
same picture shows in the background, extending 
towards the right the 1,000-ft. spillway wall nearly 
completed except for a short distance in the cen- 
ter. It shows the saddlebag traveler working 
near the center of the main dam and shows the 
derricsk completing the coping and roadway 
toward the south end of the dam. 

The other view taken from up stream shows 
the dam at a time when it was impounding the 
maximum amount of water and clearly indicates 
the relative position of the curved spillway and 
the straight main dam with gate house No. 2 


banks that are now carefully graded and sodded. 
At the right is seen the dry bed of the Croton 
River, which in times of freshet has been filled 
to a depth of several feet with a rapid flowing 
stream. A new highway bridge required by the 
construction of the dam is shown at the extreme 
right in the background, and in the foreground 
there is a trestle bridge across the channel adja- 
cent to the abutment and wing walls of the long 
plate girder arch span which has since been 
erected and which was described in our former 
article. 

It will be remembered that the dam has been 
constructed under the direction of Mr. W. H. 
Sears, Chief Engineer, and his predecessors, by 
Messrs. Coleman, Breuchad & Coleman, Contrac- 


Face of Croton Dam Showing Pointing Scaffold Hung from Finished Coping. 


Royal Society. ‘The necessity for some such 
instrument is generally recognized. The con- 
stant development of the gas industry in the face 
of severe competition from electric lighting com- 
panies is due in a considerable degree to the 
attention now given to the calorific power of gas 
as distinct from its illuminating power. The rap- 
id improvement of incandescerft mantles, particu- 
larly those of the inverted type, and the avail- 
ability of economical and very convenient stoves 
and heaters have raised the calorific power of 
gas to a position of prime importance. 


Ture Use or GASoLENE Motor Cars is being 
extended by the Union Pacific R. R., five having 
‘been completed, and four are under construction. 


MArcH 3, 1900. 
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THE NEW YORK & LONG ISJ.AND RAILROAD TUNNEL. 


Closely related to the New York Rapid Tran- 
sit Railway system, the improvements of the 
New York terminus of the New York Central 
& Hudson River R. R., and the connection of 
the Pennsylvania R. R. and Long Island R. R.’s 
by tunnels under the East and North Rivers, is 
the plan for connecting Long Island City with 
New York by a double-track tunnel under the 
East River in the line of 42d St., New York, 


‘ which is intended to bring electric cars from 


— 


the Borough of Queens to a point under the 
Grand Central Depot and the Rapid Transit Sub- 
way station, where passengers can be transferred 
to either transportation system. There will be 
two parallel single-track tunnels 28 ft. apart on 
centers and about 17,000 ft. in total length which 
will pass under the center of 42d St., New York, 
and across the East River to a point about 
2,000 ft. beyond the shore line, where the tracks 
will emerge through open cut and will have 
connections with existing surface lines. The 
tunnel is generally known as the Belmont tunnel 
and is being built under the provisions of the 
Steinway charter. 

Operations were commenced early in 1904 when 
a hasty preliminary survey was made in about 
two weeks to determine the approximate align- 
ment and to fix the location of the test borings. 
While these were in progress the final survey 
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The survey and all preliminary work was under 
the direction of Mr. Allan Appleton Robbins, 
resident engineer. 

Observations on the maximum current in the 
river were taken with a simple apparatus which 
consisted essentially of a 200-yard spool of cot- 
ton thread mounted on an oiled steel spindle 
and weighted to sink just below the surface. It 
was secured, kite fashion, by four diagonal 
strings, and the end of the thread being fastened, 
the spool was released and floated down stream. 
The time was recorded which was required for 
the thread to be unwound and indicated a velo- 
city of about five miles an hour. 

Another rough and ready method to determine 
current velocity was resorted to by establishing 
on the scow used for the diamond drill boring 
work, two ranges about 70 ft. apart parallel with 
the axis of the tunnel. An observer with a stop 
watch was stationed at each range and both 
recorded the time of various floating objects 
which passed them. Both of. these series of 
observations checked approximately with the re- 
sults of the Dock Department, which were taken 
with elaborate apparatus. It is believed, how- 
ever, that under extreme conditions of wind 
and moon the current will reach a maximum 
considerably more than 5 miles per hour, 

The surface of the underlying rock was found 
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hawser was reeved, one end of it leading to a 
very heavy anchor about 4oo ft. distant on the 
diagonal passing through the tower base. The 
other end of each cable was led to the top 
of the tower and secured there. The tower was 
lowered by its tackles until its foot rested in 
the mud on the bottom of the river, the working 
platform being then just above the surface of 
the water. The anchor lines were adjusted by 
hand tackles on the platform and were made 
fast so as to guide the tower securely top and 
bottom. 

Difficulty was experienced in setting the tower 
in position and in three cases it was overturned 
by the fierce current before it was possible to 
secure it with guys. No serious damage was 
occasionéd by these accidents and the tower 
was eventually secured so firmly so as to pro- 
vide a safe and rigid platform on which the 
ordinary diamond drilling apparatu$§ was in- 
stalled by the use of a small breast derrick. The 
pile driver scow, fitted with a deck house, was 
anchored adjacent to the tower in its different 
positions and afforded quarters for the men, 
supplied steam from its boilers for the drill en- 
gine and operated the hoisting tackle as re- 
quired. The ten top holes have a combined 
length of about 950 ft. and furnish a core 1%-in. 
in diameter. They were all drilled in about 
two months at a rate varying from Io to 50 ft. 
in 24 hours actual drilling. The time required 
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General Profile of New York & Long Island Railroad Tunnel Under the East River. 


was made with great care. A base line about 
3,000. ft. long was carefully measured on the 42d 
St. sidewalk from.Park Ave. to the East River. 
For this work a 50-ft. Brandes steel tape was 
used with spring balance and leveling attach- 
ments. From this line the corners of buildings 
at street intersections were triangulated, giving 
the widths of the street at different points. 

From these data an average center line was 
platted on the map and was located in the street 
by offsets from the base line. Five permanent 
monuments were set on the center line including 
one point cut in the portal arch of the 42d 
St. tunnel, between First and Second Aves.; other 
points were fixed in Long Island City by con- 
crete slabs and by marks made in the upper parts 
of buildings. Many intermediate points on the 
center line were determitied by marks at the 
street level, resource always being had to the 
principal monuments for checking. 

The line was carried across the East River 
by sights repeated at least 200 times and extend- 
ing over a period of two months. The length 
of the line between stations on opposite sides 
of the river was determined by a triangulation 
using the base previously measured for the sur- 
veys of the Pennsylvania R. R. tunnels at 34th 
St. This gave a length of about 3,173 ft. and 
was checked by an independent triangulation us- 
img as a base the distance determined by the 
department of bridges beiween center points of 
piers III and IV, of the Blackwell’s Island 
Bridge, about one-half mile farther up the river. 


to be probably at a depth of 3 to 29 ft. below 
the surface of the ground, in New York and 
from 3 to 50 ft. on Long Island. Wash borings 
to approximately locate the rock were made on 
both sides of the river by Mr. F. W. Miller, 
New York. Holes were sunk in the usual man- 
ner 50 to 100 ft. apart on the opposite sides of 
the street following the center line. ; 

Ten diamond drill borings were made on the 
center of the tunnels between the bulkhead lines 
and as water of a maximum depth of 65 ft. with 
a 6-ft. tide and a strong current was encountered, 
the problem of making the drill holes was a 
difficult one. In previous borings in the East 
River the drilling machine had been established 
on pile piers temporarily constructed in the 
channel, which suffered frequent injury by col- 
lision with boats and tows. At this point the 
water was deeper than at the Battery tunnel and 
a new method of operations was devised. 

The United Engineering & Construction Co., 
Mr. D. L. Hough, president, who was the con- 
tractor for this work, secured the steel traveler 
tower, 20 ft. square at the base and 68 ft. high, 
which had been used for the crection of the 72nd 
St. Armory. This tower had four vertical and one 
battered faces and weighed about 5 tons. It 
was lifted by tackles suspended from the leads 
of an ordinary pile driver mounted on a scow 
and was towed with it to approximate position 
where the scow was secured by four anchors. A 
snatch block was attached to each corner of the 
base of the steel tower and through it a manilla 


for moving the tower from one test hole to the 
next varied from-one to five days. 

The land portions of the tunnel have a horse- 
shoe shape cross section with heavy concrete 
walls 18 ft. high and 17 ft. wide over all as in- 
dicated in the accompanying detail. This con- 
struction requifes approximately 9 yds. of ex- 
cavation and 314 yds. of concrete per lin. it. 
and most of it will be driven, it is expected, 
without the use of air locks. Under the river and 
for some distance on both sides of it the tunnels 
will have segmental cast iron lining 16 ft. Io in. 
in diameter, which will weigh about 4,500 Ibs. 
per lin. ft. of single tube. These sections of the 
tunnel will be driven with shields and the work 
will be done under air pressure which may 
amount to a maximum of between 40 and 50 
Ib. although it is expected not to reach this 
amount. The maximum depth of the base of 
rail of the tunnel track is 102 ft. below mean . 
high tide and the maximum grade of the tunnel 
is 4.5 per 100. The tunnel has in all places a 
thick roof of earth, rock, or sand and gravel. 

It is planned to construct the tunnel simul- 
taneously from the bottoms of four intermediate 
shafts. As there are two parallel tubes and work 
will be carried on in both directions from each 
of them, this will result in 16 simultaneous head- 
ings, of which ten are,now being driven. The 
four shafts were designed to be substantially 
alike, each having a width of about 18 ft. and a 
length of 35 ft. parallel with the axis of the 
tunnel.- Shaft No. 1, located on the south side 
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of Forty-second St., near Third Ave., and Shaft 
No. 2, on the north side of 42d St., at the East 
River, are each of them offset about 40 ft. 
from the center line of the two tunnels. Shaft 
No. 3, near the middle of the river, and Shaft 
No. 4 in Long Island City, are both centered on 
the axis of the tunnel. Shafts 1, 2 and 4 are 
each provided with two 6x8-ft. elevator cages, 
operated by Lidgerwood hoisting engines. The 
space adjacent to the elevator frame is used for 
chuting down concrete materials and for lower- 
ing other supplies. The upper parts of the shafts 
sheeted to retain the earth down to the surface 
of the rock below which they are not lined. 

The sinking of Shaft No. 4 was commenced 
July 14, 1904 and from that time onward the 
excvation of shafts and tunnels has been vigor- 
ously maintained simultaneously with the in- 
stallation of the plant, no time being lost in pre- 
paratory equipment. Shaft 4 was sunk 30 ft. 
to rock and nearly 30 ft. farther to sub-grade 
and the two headings started east from it, 
emerged from the rock at distances of 4o ft. and 
80 ft. for the north and south sides respectively. 
Excavating in them has been stopped pending 
the purchase of the property above on account 
of possibilities of settlement. Work on the west 
headings from this shaft is now progressing arid 
on January 26 had reached distances of 335 ft. 
and 369 fit. for the north and south headings, the 
benches being respectively 313 ft. and 307 ft. 
from the center of the shaft. The site occu- 
pied by Shaft 4 and its yard covers 65,000 sq. ft. 
and was previously occupied by several varnish 
plants which were purchased by the tunnel com- 
pany. The one and two-story brick buildings 
have been retained and are found useful for 
storage, offices and other purposes. The power 
plant here installed includes four Heine separate 
250-h.-p. boilers, two Ideal engines operating 
two Fort Wayne engine type generators direct 
connected to them, and one 1,000-h.-p. Cochrane 
feed water heater and purifier, manufactured by 
the Harrison Safety Boiler Works. 

Shaft No. I occupies a 41x08-it. site previ- 
ously occupied by a four-story brick hotel, the 
demolition of which was commenced Atigust 22. 
The shaft is sunk through about 22 ft. of earth 
and 50 ft. of rock and from it the north and 
south headings on the east side had been driven 
January 26, to distances of 108 and 141 ft. and 
the north and south headings on the west side 
to distances of 107 and 148 ft., the benches in 
all cases being from 20 to 30 ft. behind the head- 
ings. 

Shaft No. 2 is located in the yards previously 
occupied by the O’Rourke Engineering Contract- 
ing Company at 42nd St. and East River, where 
there is ample space for a power plant which is 
now being installed there and will contain four 
250-h.-p.. units of Sterling boilers, two 16-in. 
oil separators with 36-in. x 8-ft. tanks and two 
Wheeler surface condensers mounted on com- 
bined air and circulating pumps. There will also 
be an electric plant and Ingersoll-Rand air com- 
pressors contained in a new brick and iron build- 
ing now being constructed to receive them. This 
plant will then suppy compressed air and elec- 
tricity for Shafts 1 and 2 on Manhattan Island. 

Shaft 2 was sunk to a depth of about 112 ft., 
neatly all of which is through solid rock of 
neatly vertical: strata. From the foot of it a 
transverse tunnel was driven to intersect the 
main tunnel and work on the latter has been 
carried forward in four headings which on Janu- 
ary 26 were advanced 81 ft., 85 ft. 64 ft. and 50 
ft. fer the northeast, northwest, southeast and 
southwest headings respectively, the benches in 
these cases being maintained from 20 to 30 ft. 
behind the headings. The timbering at the top 
of the shaft is extended above the surface of 
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the ground so as to permit the cages to be hoist- 
ed to the top of a double track framed trestle 
about 15 ft. in maximum height and about 100 ft. 
long. 

This trestle is graded down away from the 
shaft enough so that the cars of muck descend 
by gravity and are dumped through the trestle 
to the ground below or to chutes from which 
wagons are loaded. Suitable rock is dumped 
near the crusher plant where it is fed by hand 
into the depressed hopper of a number 3 gyra- 
tory rock crusher which forms part of the plant 
manufactured and installed by the Power & 
Mining Machinery Company. This plant has a 
capacity of 150 yds. of 2-in. stone in 24 hours. 
From the crusher the stone is automatically 
elevated by a buck conveyor to the top of an 
enclosed wooden tower about 50 ft. in height. 
Here it is delivered to an inclined cylindrical 
screen which separates 2-in. stone from the 
dust and the larger pieces. The latter are re- 
turned automatically through a chute to the 
crusher and recrushed. The accepted stone is 
stored in an elevated bin of 200 yds. capacity 
from which it can be loaded through chutes to 
wagons in the yard. The stone dust is saved in 
another bin where it is stored until required for 


grout or mortar. A similar stone crushing plant - 


is installed on the Long Island shore at Shaft 
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ber cribs. These were built at Newtown Creek — 


and were towed to position and sunk with rock 
filling so as to form a cofferdam enclosing the 
site of the shaft about 87 ft. wide and 165 ft. 
long. The surface of the rock being irregular, 
the lower courses of timber in the crib were 
prepared to fit it by bolting to them additional 
pieces, sometimes as much as 5 or 6 ft. thick, 
to correspond with the depressions in the rock. 
The inner faces of the cribs were sheeted with 
vertical tongue and groove planks 4 in. thick 
which were backed up with clay on the outside, 
forming a puddle to exclude the water. They 
were set between double rows of ranges and 
were driven down as the rock inside was ex- 
cavated, the intention being to carry them down 
to sound rock and seal them there so as to per- 
mit the shaft to be completed in open excava- 
tion. 

For some time this work was successfully car- 
ried on Ly the aid of two 6-in. centrifugal pumps 
to keep the water down, but at a depth of 20 ft. 
seamy rock was encountered through which such 
great quantities of water rose in the bottom of 
the excavation that it was impracticable to con- 
tinue this method farther. It was then deter- 
mined to modify the original design and sink 
two separate shafts by the pneumatic process. 
The first one.was started December 15 with a 
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Typical Cross Sections, New York & Long Island Railroad Tunnel. 


4, where a large amount of stone has been stored 
in heaps on the ground after filling the bins. 

Muck from Shaft No. 2 that is not suitable 
for concrete stone is delivered at the surface of 
the: ground and the cars are drawn on narrow 
gauge tracks by mules to the waters edge, where 
a cantilever platform overhangs the river and 
permits the cars to be dumped over its edge 
directly into the dump scows in which it is re- 
moved for disposal. At Shaft No. 1 the head 
work is similar to that above described and the 
cages are lifted above the street level. The cars 
are dumped from a platform at the head of the 
shaft and the muck is chuted directly from this 
platform over the sidewalk to wagons constantly 
in attendance on the street. Until the power 
plant at Shaft No. 2 is in operation, Shafts 1 and 
2 and the tunnels at their foot will be supplied 
by compressed air from the power plant at East 
42nd St., operated by the O’Rourke Engineering 
Construction Company for the work at the 42nd 
St. terminal of the New York Central and 
Hudson River Railroad. 

Shaft No. 3 is located on a rock reef near 
the center of the river and a few hundred feet 
south of Blackwell’s Island. Only a small por- 
tion of the rock projected above high tide and 
operations were commenced there July 20, by 
floating to position and sinking on it eight tim- 


steel shell 11 ft. in diameter and 22 ft, high, made 
in three sections. The upper section is bolted 
on and has connected to it an O’Rourke material 
lock with horizontal top and bottom doors oper- 
ated by outside balanced levers and having stuff- 
ing boxes for the passage of the hoisting rope 
for the excavating bucket. — 

The shell is set in a braced framework pro- 
vided with vertical timber guides and is weight- 
ed by 50 tons of car wheels attached with long 
turnbuckles to eight vertical steel cables sus- 


pended from a collar made with several turns of | 


wire cable wound around the air lock. These 
are adjusted so as to maintain the weights just 
above the surface of the rock and to lift them, 
as the case descends and thus keep them in prac- 
tically the same position as the shaft descends. 
Four men work in the bottom of the caisson 
operating two air drills, the exhaust from which 
has so far been nearly sufficient to maintain the 
required air pressure. A fifth man on a platform 
operates the valves and signals. 

All the men are hoisted in and out of the lock 
in a one-half yard cylindrical steel excavating 
bucket, which is handled by an ordinary boom 
derrick and delivers the spoil to a dump scow 
moored alongside the cofferdam. Another der- 
rick is seated on the cofferdam to handle sup- 
plies, and will be used later on for the second 
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shaft which will be similar to the one described. 
The tops of the cofferdam cribs are decked over 
in places and provide a platform on which is 
located quarters for the men, office, repair shops, 
storerooms and a power plant. In the latter are 
installed boilers, Ingersoll-Rand air compressors 
and the electric light plant, air receivers, feed- 
water heater, pumps and other auxiliaries. 

Soon after the air pressure was applied to 
the shait a fire occurred in the compressed air 
receiver and the smoke was discharged from it 
to the caisson. This raised the temperature so 
much that the men at once closed the valves in 
order to be able to continue their work. When 
they opened the valve the smoke and fumes ot 
burning rubber from the hose connection were 
sO poisonous that the men were overcome and 
four of the six laborers in the caisson were either 
suffocated or drowned in the rising water which 
entered the caisson after the air lock was opened 
and before they could be rescued. This is the 
only fatal accident which has yet occurred on this 
work. 

All of the tunnels are being driven with upper 
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directly into the mining cars on the 24-in. surface 
track, where they are also loaded with muck from 
the bench. These cars are hauled by mules to the 
foot of the shaft and then hoisted for disposal 
as previously described. All concrete materials 
will be delivered through chutes to the bottoms 
of the shafts, where the concrete will be mixed 
in Ransome machines. 

Besides the plant already mentioned there will 
be installed in the different shafts and in the 
tunnels one Buffalo duplex surface pump, six 
wooden 1-yd. end dump cars, six all-around 1-yd. 
steel dump cars furnished by the Arthur Koppel 
Company and the usual complement of ordinary 
tools and apparatus. The cast iron segments 
will be furnished by Davis & Thomas, Catasa- 
qua, and four steel shields 11 ft. long are being 
made by the Logan Iron Works, New York. 
They will be equipped with hydraulic machinery 
made by the Watson-Stillman Company, New 
York. Phoenix Portland Cement will be used 
in all construction. Latyghlin & Rand furnish the 
40, 50 and 60 per cent. Forcite used for blasting. 
Oil is furnished by the Borne, Scrymser Com- 


Laying Lock Bar Jointed Pipe in Wilmington, Del. 


headings and single benches, both of them be- 
ing carried forward full width. Seven or eight 
Ingersoll or Rand rock drills are operated in the 
heading and on the bench of each tunnel and a 
progress of about 6 ft. a day has been made in 
each with the incomplete facilities heretofore in 
operation. This progress will probably be in- 
creased when all of the new plant is in opera- 
tion. In one of the headings a special Inger- 
soll-Sergeant column drill has been installed. 


It is mounted on a vertical segment which is ‘ 


revolved on its horizontal axis by a worm, gear. 
This enables the drill to move back and forth 
through a vertical arc so that it cuts a segmental 
slot of a maximum depth of 6 ft. in the vertical 
plane in the center line of the tunnel and enables 
the first section of rock to be much more easily 
and advantageously displaced than can be done 
with the use of inclined cylindrical holes only. 
Short vertical holes are drilled in the sides of 
the tunnel at about the springing line and in them 
are set 5-in. pipes which telescope with 6-in. 
pipes reaching nearly across the tunnel, forming 
beams on which a wheeling platform is laid to 
enable the muck to be delivered from the head- 


ing over the face of the bench and dumped 


pany and tool steel is furnished by the Crucible 
Company of America. The Standard Vitrified 
Conduit Company are furnishing the necessary 
conduit in one-way 18-in. lengths, 2-way or 3-way 
ducts 24 in. long. The tunnel has been designed 
and its construction is conducted under the di- 
rection of the New York and Long Island Rail- 
road Company, Mr. St. John Clarke, chief en- 
gineer, and Mr. Allan Appleton Robbins, prin- 
cipal assistant engineer. The work is being 
executed by the Degnon Contracting Company, 
Mr. Robert Shailer, engineer in charge. 


PortLaNnpD CEMENT is now extensively used 
in Pennsylvania collieries, according to Mr. Ed- 
ward McGrew, as a lining for pipes and pump 
chambers which contain the sulphur-impregnated 
waters from such mines. Wood lining is some- 
times used in the pumps when they are of the 
plunger type. It has become customary now, he 
states, to use bore holes to pump through. A 
hole is drilled and an ordinary wrought iron cas- 
ing put in and surrounded with cement grout. 
After the casing is eaten out by the action of 
the water, the cement lining protects the hole 
indefinitely. 
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Laying a 43-in. Water Main. 


The water department in the city of Wilming- 
ton, Del., is improving the service by the construc- 
tion of 10,500 ft. of 48-in. steel distributing main 
and a 43-in. forcing main 8,700 ft. long from the 
pumping station to the new reservoir. All of the 
pipe is made in 30-ft. lengths with lock bar longi- 
tudinal joints and riveted butt strap transverse 
joints and is 7/16-in. and 3%-in. in thickness ac- 
cording to the pressures. ‘The pipe is shipped 
from the shops of the East Jersey Pipe Co., Pat- 
erson, N. J., on flat cars and in Wilmington is 
rolled from them to trucks built up to the level of 
the car floor. It is then drawn by teams to the 
line of the trench where it is rolled from the 
trucks to the ground and distributed as required 
on the side of the road. 

The trench is excavated and the bottom shaped 
to receive the pipe and give it a solid uniform 
bearing. Wooden beams are placed transversely 
across the trench and serve as skids on which 
the pipe is rolled over the trench. A chain sling 
is put around the pipe a few feet from each end 
and by them the pipe is hoisted a few inches 
with Weston differential blocks suspended by the 
usual manner from shear legs. The skid timbers 
being released and removed the pipe is lowered 
to the bottom of the trench, the end connected 
with the last’ section laid, the joint rivefed, an- 
other section laid and so on. One gang of six 
men handle and assemble in the trench four or 
five 30 ft. lengths daily, and the corresponding 
riveting and caulking is done by two other gangs 
following them. 

All of the field riveting is done by hand, 
and the pipe; although tested at the works, is 
again tested by hydraulic pressure after the trans- 
verse joints are riveted. The work is being exe- 
cuted under the direction of Mr. Theodore A. 
Leisen, chief engineer of the water department. 


Condensing Water Litigation. 


Litigation over condensing water between two 
Massachusetts mills shows the danger of be- 
ing too generous in giving away rights to water. 
The suit where this matter came up was brought 
by the New England Cotton Yarn Co. against 
the Laurel Lake Mills, and has just been de- 
cided by the Massachusetts Supreme Court, 76 
N. E. Rep. 231. The defendant and plaintiff were 
respectively upper and lower riparian owners on 
the same stream. The plaintiff’s predecessor con- 
structed a pond below its mill, into which it dis- 
charged water drawn from the stream for con- 
densing purposes. The defendant also drew water 
for condensing from the same stream, but in- 
stead of discharging it directly back into the 
brook piped it into the pond. The plaintiff’s pre- 
decessor and the defendant made an agreement, 
binding on their successors and assigns, per- 
mitting this practice in consideration of an an- 
nual payment by the defendant. The plaintiff 
has now found this use of the water to be irk- 
some and brought the suit to secure the full nat- 
ural flow of the stream to which it is entitled 
as a riparian owner. The court rules, however, 
that the defendant had the right to discharge 
all its condensing water, without restriction as 
to the source from which it was derived, into the 
plaintiff’s pond, although it was thus made un- 
available for the latter’s use, notwithstanding a 
clause of the contract providing that “neither 
party waives any rights as riparian owners.” 


Tests. oF Borer Furnaces at the Ohio State 
University show that the brick setting continues to 
absorb heat continuously up to 72 hours after 
starting the fire, and that the average waste of 
heat in brick furnaces is 814 per cent. 
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A Large Concrete Gas Holder Tank. 


A sunken concrete tank for a 5,000,000 cu. ft. 
gas holder of the Central Union Gas Company, 
has just been completed at the foot of 136th St. 
near Locust Ave., New York City. It is a large 
monolithic structure built under some difficulties 
and inyolved the use of methods and plant on a 
large scale which had not previously been used 
in this country. The tank has an extreme diam- 
eter of 189 ft. and a depth of 41% ft. and has a 
monolithic cylindrical exterior wall about 42” ft. 
‘high from the bottom of the footing and 5% ft. 
thick at the base. Concentric with this wall is 
an inner one 166 ft. in external diameter and 
about 16% ft. high above the footing. The top 
of this wall is continuous with the concrete 
lining 12 in. thick which forms the bottom of 
the tank and is approximately a trunicated cone. 
The annular space between the inner and outer 
walls serves to contain the water which forms 
a seal for the bottom of the telescopic cylin- 
drical steel gas holder shell. 

The outer wall is designed to take up maximum 
internal and external stresses which, however, 
were computed to require dimensions less than 
those necessary for practical considerations. It 
was therefore built to conform to the latter and 
thus presents a considerable excess over purely 
theoretical requirements. It is reinforced in the 
upper fart with six sets of horizontal circular 
bands of square steel bars twisted. Each bar 
in the upper set has a sectional area of 1.25 sq. 
in. In the next three sets each bar has a sec- 
tional area of 0.75 sq .in. and in the remaining 
two sets each bar has a sectional area of 1.25 
sq. in. In each set there are four complete 
rings or hoops, each made of several pieces of 
twisted steel with their ends overlapping about 
32 in. and rigidly clamped together by U-bolts 
with tie pieces screwed close against the bars. 
The splices in the adjacent bars were made to 
break joints at least 2 ft. 

Care was taken to avoid placing the bars of 
the same set in the same horizontal planes. Each 
successive bar from the inside outwardly was 
elevated a little so that the distances between them 
on centers would be somewhat increased and 
there would be less danger of direct horizontal 
communication between successive rings through 
which there might* be produced a leakage. The 
joints of the bars were originally specified to have 
an efficiency of 90 per cent. of their ultimate 
strength without reliance on the adhesion of the 
concrete, but this requirement was finally waived 
in consideration of the results of a series of ex- 
periments made to determine how many inches 
of bar has to be inserted in concrete to develop 
its full breaking strength, and to determine where 
the failure to lap bars occurs. The results of 
these experiments showed that the breaking 
strength of the bar was developed by the adhe- 
sion of concrete when the bar was embedded for 
32 diameters. The experiments with different 
classes of joints, and the pulling of parallel bars 
embedded in concrete without joint, showed that 
in every case of failure the trouble was caused 
by the splitting of the concrete. In other words, 
it was calculated that if the bars were lapped by 
one another 32 diameters, and if they were so 
attached together as to prevent the possibility of 
their becoming separated, they would fulfill 
all requirements. The ordinary U clamp was 
selected as being the simplest and most effective 
means of connecting the bars. 

The top of the wall is finished with a 6-in, cop- 
ing reinforced by a continuous horizontal sheet 
of 3-in. No. The top of the 
coping is finished with a %-in. coat of 1:2 cement 
mortar. On top of the wall there are horizontal 
seats for the 20 vertical 
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columns of the gas 
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holder guide frame. At each seat there are 
provided four vertical anchor bolts 2%4 in. in 
diameter and 19 and 20 ft. long. These rods 
have at their lower ends forged heads engaging 
sockets in wrought iron anchor plates bedded in 
the concrete with special care to avoid placing ra- 
dially opposite heads in the same horizontal plane. 
The upper ends of the bars are set in sleeves 4 
ft. long and 4 in. in diameter so as to provide 
for a slight lateral movement and allow for ad- 
justment to the front framework. For this pur- 
pose lengths of ordinary stove pipes were ad- 
vantageously used. On the bottom of the tank 
there are equidistantly placed 40 radial brick land- 
ing piers 13 in. thick and 7% ft. long at the top, 
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wrought iron pipe which projects a foot above its 
upper surface and has a cap on which the center 
point of the tank is accurately marked. The 
bottom of the annular trench in which the inner 
and outer circular walls are built is covered with 
12 in. of concrete bedded solid on the rock and 
having the upper surface made level within 1 in. 
and finished with Y% in. of floated 1:2 cement 
mortar. It was required that the diameter of 
the tank should not vary more than 2 in. from 
the required dimensions and that the walls should 
not vary more than 1 in. from the vertical. The 
1:2:4 concrete is made with Helderberg Port- 
land cement crushed limestone, and limestone 
broken to pass a 2-in. mesh. Cement was fur- 
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Plan, Radial Section, and Detail of Outer Wall of Gas Holder Tank, 


where they’are capped with cut granite slabs 6 
in. thick, accurately set to within 4% in. of the 
specified level. 

The inside circular wall has a minimum thick- 
ness of 30 in. and like the outside wall is made, 
as indicated in the general plan with buttresses 
in which are embedded the cast iron pipes pro- 
viding communication between the interior and 
exterior of the tank. The conical bottom of the 
tank is provided with 72 rectangular pedestals 
made integral with it, supporting the vertical 
posts for the false-work on which the roof of 
the tank is to be erected as indicated in the 
semi-cross section. This concrete is built in 
two courses and is finished with I in. of 1:2 
mortar. In the center of the bottom there is a 
5x5-ft. solid mass of concrete 5 ft. deep in 
which is fixed a 4 ft. length of vertical 6-in. 


nished by the gas company in bags weighing 95 
Ib. each, which were rated at 9/10 cu. ft. Ma- 
terials were mixed by bulk and measured in 
wheel-barrows gauged by the engineers. 

At the site the rock was covered by a 13-ft. 
fill of earth containing some rubbish. The rock 
was of the micaceous character common through- 
out New York City, and was stratified in irregu- 
lar layers dipping at different angles often as 
much as 45 deg., and in some cases was found de- 
composed. The site is about 600 ft. from the 
Harlem River and the original surface of the 
ground was about to ft. above high tide. Ground 
water level was about 1o ft. below the surface 
and a large amount of water was encountered 
which required constant pumping from the ex- 
cavation. An annular trench about 26 ft. wide 
and 42% ft. deep was excavated for the inner and 
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ofiter walls and a portion of the material inside 
the trench was also excavated down to the limits 
of the tank bottom. The earth was excavated 
by pick and shovel and with ploughs and was re- 
moved by carts. Rock was excavated in the usual 
manner with Ingersoll-Sargeant steam drills and 
both it and the earth was handled by five boom 
derricks located so as to command the entire 
area of the tank. The earth excavation was 
sloped sufficiently to stand without sheeting, but 
the dip of the rock was so great that the seams 
and decomposed material which was interspersed 
between different layers made the inclined strata’ 
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the conical tank bottom in case the tank should 
be emptied andthere should occur a heavy pressure 
from the ground water. 


ei Het 


Panel of Falsework for Concrete Mould. 


unstable and caused it in some places to slip into 
the trench. It was therefore necessary to brace 
it with heavy diagonal timbers in some places. 

A large quantity of water flowed into the trench 
and was led through wooden troughs to a sump, 
whence it was removed by two large centrifugal 
pumps. 
the trench the top of the trough was covered 
with expanded metal and the trough was left in 
the concrete so as to provide a permanent drain. 
The sump was provided with a 6-in. cast iron 
pipe having an outlet through the conical bottom 
of the tank. The pipe was fitted with a valve 
adjusted to open in either direction according to 
the excess of pressure and thus provided against 
the possible upward hydraulic pressure against 


When the concrete bottom was laid in 


The magnitude of the exterior wall and the 
accuracy with which it was required to be built 
made its construction a difficult problem, which 
was finally solved by the use of a special form 
of centering and moulds which has been patented 
by the contractor. It consisted substantially of a 
skeleton wooden drum with the exterior cylin- 
drical surface coincident with the interior surface 
of the wall. The drum was made with 40 radial 
vertical frames braced together horizontally by 
circumferential pieces and forming together a 
complete circular arch accurately located and 
dimensioned, which on its outer face received the 
adjustable segmental moulds for the inner face of 
the wall, the outer face of the wall being built 
against mould boards braced in any convenient 
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manner against the irregular face of the trench. 

Each of the 4o radial frames was really an in- 
dependent truss 6 ft. deep and 42 ft. high made 
with vertical pieces each composed of two 2xo-in. 
planks spiked together and breaking joints so as 
to form continuous chords for the truss. These 
pieces were connected by single horizontal and 
diagonal 9x2-in. pieces spiked across their faces. 
These trusses were all duplicates and the pieces 
for them were cut and dressed at the mills and 
framed together in horizontal planes at the site. 
In the plane of each truss a 6x6-in. yellow pine 
sill 8 ft. long was set on the concrete bottom of 
the trench and braced securely in position. It 
was accurately located by points determined with 
the transit and plumbed down from the surface 
of the ground. 

Each truss was set in position by a derrick 
boom and the outer vertical leg was nailed accu- 
rately to the sill. The top of the vertical was 
set by the transit and its distance from the cen- 
ter was measured by a permanent’ measuring 
wire swiveled to the center point of the tank. 
The position of the sill in the bottom of the 
trench determined the location of the inner ver- 
tical member of the truss and fixed the latter in 
the radial plane. The first truss having been 
temporarily braced in position, the second one 
was set up in a similar manner and then the 
third and fourth, all of which were braced to- 
gether by horizontal circumferertial pieces nailed 
across their inner and outer faces as indicated 
in the engravings. As soon as four bents or 
trusses were in position they formed a stable 
tower and secured the succeeding bents as they 
were set up and carefully wedged so as to stand 
firmly in the required position. 

Radial horizontal pieces the 
frames projected beyond the outer face and served 
to carry vertical iron guide strips against which 
a movable mould panel was seated. This panel 
was 5 ft. high and 14 ft. 1154 in. long and con- 
sisted of a segment of cylindrical surface corre- 
sponding to the inner face of the wall and reach- 
inz from one radial truss to the next. Enough 


nailed across 


of these panels were provided to form a complete 
circle and were moved up from the bottom to the 
top of the wall as the successive courses of con- 
crete were laid. They were adjusted 
Y% in. of the exact required position by wedging 
them against the framework. A clearance of 
about I in. was left between the vertical edges 
of the adjacent panels where they rest 
the guide plates, to allow for the expansion 
caused by wetting the dry timber. It was found 
that the expansion of the timber caused a maxi- 
mtm transverse displacement of about 1% in. for 
the radial frames, their adjustment there- 
fore made just before the horizontal holes were 
made through the vertical guide bars to locate the 
anchor bolts by which the tank guide rails were 
afterwards secured to the inner face of the con- 


to within 


against 
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crete wall. 

Sand, stone and cement were delivered by 
wheel-barrows to three Ransome concrete mixers 
located at different parts of the lot and pro- 
vided’ with independent steam engines furnished 
by the manufacturers. The concrete was mixed 
very wet and was delivered from the machines in 
wheel-barrows to four elevators located in the 
main framework at equidistant points. Each ele- 
vator consisted of two balanced platforms run- 
ning between guides in one panel of the frame- 
work. The platforms were attached to the oppo- 
site ends of a rope which took several turns 
about a drum at the upper end of the framework. 

Two wheel-barrow loads of concrete were de- 
livered to one of the platforms and were lowered 
by a man who controlled the drum by means of 
a friction brake. The descending platform pulled 
up the lighter platform on which were two empty 
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wheel-barrows. The concrete was lowered to 
wheeling platforms cantilevered out from the 
outer face of the framework at successive heights 
of 5, 15, 20 ft., etc, above the bottom of the 
trench. On these platforms the concrete was 
distributed as required and dumped in the mould, 
where it was thoroughly rammed in 6-in. courses. 
By this method the concrete was wheeled to a 
maximum distance of only one-eighth the cir- 
cumference of the tank. 

The circumference of the wall was divided 
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Railroad Construction in Northern Mexico. 


The accompanying account of railroad con- 
struction in Mexico, the class of labor available 
and the conditions under which the work is car- 
ried on, is taken from information furnished by 
Mr. Edward Wright, division engineer of the 
Mexican Central R. R., at present stationed at 
Tuxpan, State of Jalisco, Mexico. Mr. Wright 


is engaged in construction work on the Manzan- 
illo extension of the Mexican Central R. R., his 


Gas Holder Tank with Centering and Elevators. 


into three sections which were separately built up 
to a maximum height of 5 ft., no concrete ever 
being allowed to reach a greater height than this 
above the lowest point. After the concrete had 
set about 48 hours, the panels were successively 
moved up 5 ft. on their vertical guides so that 
the lower edges overlapped the concrete 12 in. 
and another 4-ft. zone of concrete was built, and 
so on until the wall was completed. The inner 
surface of the wall and the outer surface before 
back filling was thoroughly painted with two 
coats of stiff neat cement grout. After this had 
set the inner surface was finished by rubbing it 
smooth with corundum bricks which secured a 
very fine uniform texture. 

The principal quantities involved include 18,000 
cu. yds. of rock excavation, 6,000 cu. yd. and 80,- 
ooo ft. b. m. of timber in the false work. Exca- 
vation was commenced in July, 1904, concreting 
was commenced in April, 1905, and the otter 
annular wall was completed August 15, 1905. 
The average force of men employed being about 
80. The work was designed and the execution 
was supervised by Mr. Howard Bruce, engineer 
of construction of the Consolidated Gas Com- 
pany.. Richard Deeves & Son were the general 
contractors and the excavation was done by Mr. 
Thomas Crimmins. 


A TremporAry STEAM Suppiy has been secured 
‘in a novel manner by the United Railways & 
Electric Co., of Baltimore. At the beginning 
of the present winter it was facing the prospect 
of inadequate boiler capacity at the Pratt St. 
station, as the additional plant could not be 
completed in time for the heavy service of this 
part of the year. The company accordingly 
chartered a large passenger steamer, which was 
moored at a dock adjacent to the power station. 
She has four 250-h.-p. boilers, which are capa- 
ble of overload up to a total of 1,500 h-p. These 
were disconnected from the engines, and piped 
to an 8-in. manifold on the edge of the upper 
deck of the steamer. A 10-in. pipe was con- 
nected .to the header in the station and run to 
a manifold supported on a trestle at the edge 
of the wharf. These two manifolds were then 
connected by a series of flexible copper pipes. 
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existing in quite a variety of forms, is generally 
designated “tepitate.” It is very fertile, but so 
compact that cuts can be made through it with 
Y% to 1 slopes, and powder is required to shake 
up the material before moving. 

The labor employed in this construction work 
consists of Indian peons and Spanish half-breeds, 
who handle the excavated material with wheel- 
barrows or carry it in large baskets strapped to 
their backs. The peons are fond of working in 
large groups and will start to work early in the 
morning without breakfast, after their tarea or 
task for the day has been assigned to them by 
the foreman in charge. About 9 o’clock their 
breakfast, consisting of tortillas, or corn cakes, 
and beans, is taken to them on the work by mem- 
bers of their families. The tortillas must be 
made fresh every day, and long before daybreak 
the women must be up grinding the corn. 


The peons, while glad enough to work in large 
companies, refuse to live in camps as is done by 
railroad construction forces in this country. The 
majority of them have wives and build for 
themselves small grass-thatched huts, which they 
leave standing when it becomes necessary to 
move. In moving from place to: place, which is 
frequently necessary in this class of work, the 
peon packs his few earthly belongings in a basket 
strapped on his back, while his wife and children, 
if he has any, follow along on foot behind. The 
women, like the men, prefer to work in groups 
and are very much given to gossiping. The men 
are exceedingly jealous, and all carry large knives 
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division being located in the Tuxpan Canon, about 
60 miles from the Pacific coast and at an elevation 
of 3,000 ft. The country at this point is exceed- 
ingly rough and wild, making work very difficult. 
While the line is of very heavy construction the 
methods employed differ little from those in vogue 
in the United States. 

The railway is located but a few miles from the 
volcano Colima, which, though at present quiet, 
is frequently in such a state of activity as to keep 
those living near it in a constant condition of 
restlessness. The soil in this part of the country 
is supposed to be of volcanic origin, and though 


concealed in their clothing which they do not 
hesitate to use on slight provocation. 

The laborers are paid every two weeks, and 
after spending the small amount necessary for 
food the balance is usually devoted to drink. 
Until their money is all spent it is out of the 
question to expect these people to do any work. 
They give strict observance to all saints’ days 
and national holidays, which come in such rapid 
succession as to keep the contractors wondering 
how many men they can count on even a day 
ahead. 

All railroad construction in Mexico is carried 


° 
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“on under the direction of Americans, and the 
pay, according to Mr. Wright, is slightly better 
than in the United States, with the additional ad- 
vantage that no time is lost on account of adverse 
weather conditions. The climate in this portion 
of Mexico is too warm for frost, the temperature 
varying but little during the year. During April 
and May the days are quite hot, but from one 
year’s end to the other the nights are cool enough 
to make a blanket or two desirable. 

According to Mr. Wright, everybody in the 
Republic knows everybody else, and the condi- 
tions are so agreeable that after’a man has lived 
there long enough to overcome his first home- 
sickness and to master the language partly, he 
is rarely contented to live elsewhere. Mr. Wright 
Says. further, however, that few Americans can 
for any length of time stand Mexican food, which 
consists of “meat, then more meat, with beans 
for dessert.” Vegetables, he says, are rarely used 
and fruit, it is believed, produces fever and 
ague. The people also have an idea that water 
in the morning is harmful, and it does not add 
to one’s appetite to know that unwashed hands 
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have prepared the breakfast. In the case of the 
engineers engaged on the Manzanillo Extension 
work the kitchen is presided over by a Chinese 
cook, who supplies an attractive variety of clean 
and well-cooked food. 

The divisions or residencies on the Mexican 
Central work are manned by an engineer, an in- 
strumentman and a masonry inspector. The 
chainmen and rodmen are all natives and are said 
to be fairly capable at this work, though they 
are much slower than Americans in the same 
positions. The metric system is used and, ac- 
cording to Mr. Wright, is better liked than the 
English system of feet and inches, especially as 
the men are able to think in meters and are not 
under the necessity of mentally reducing to feet. 


Written Orpers for any changes in plans: and 
specifications forming part of a contract should 
always be demanded by a contractor. Some- 
times the courts will uphold verbal agreements, 
as was done by the California Court of Appeals 
in Wyman vs. Hooker, 83 Pac. Rep. 79. In this 
case, where extra work on a building was per- 
formed with the knowledge and consent of the 
owner and his agent, and they waived a written 
stipulation and a separate written estimate, pro- 
vided for by the contract, by orally agreeing 
to continue the work without such estimates, 
the court rules that the owner could not after- 
wards repudiate the work because the estimates 
were not furnished. 
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The East Jersey Pipe Co.’s Lock-Bar Pipe 
Plant. 


Adjacent to its plant in Paterson, N. J., where 
over 25,000 tons of pipe up to 72 in, in diameter 
have been made for the East Jersey Water Co., 
and many thousand tons of large riveted steel 
water pipe on other contracts, the East Jersey 
Pipe Co, has installed a plant with new and spe- 
cial machinery for the manufacture of large steel 
pipes without riveted longitudinal joints. This 
pipe has the patent lock-bar joint which is made 
with a heavy H-shape bar closed down on the 
upset longitudinal edges of the plates, thus avoid- 
ing all punching, drilling, reaming, riveting and 
caulking in the longitudinal joints and dispens- 
ing with the presence of all of the rivet heads 
in the interior of a pipe, which diminish the ca- 
pacity of the pipe by several per cent. The 
joints are watertight even under heavy pressures 
and are so proved by tensile tests sometimes 
strong enough to tear the plates, giving conse- 
quently, a 100 per cent. joint. The process of man- 


ufacture is simple and the pipes can be made 
more rapidly than riveted pipes of the same size. 
Contracts have been awarded for many tons of 
these pipes for different water works and their 
successful execution, now in progress, is the only 
instance in the country where these pipes have 
been successfully manufactured on a commercial 
scale. The present equipment of the shop pro- 
vides for the manufacture of pipes from. 16 in. 
to Io ft. in diameter and has been completed only 
a short time. 

Plates of a thickness of 1% in. to % in. and 
up to the standard length of 30 ft. are delivered 
on flat cars, which are run into the shop and 
unloaded by overhead girder cranes which after- 
wards place them singly and horizontally on the 
bed of the upsetting machine where one edge is 
firmly secured by a full length movable plate 
girder clamp with vertical web which is forced 
down by powerful hydraulic jacks. A traveling 
head, movable from end to end of the machine 
adjacent and parallel with the clamping girder, 
is driven by a longitudinal screw at the rate of 
25 ft. per minute and carries a set of five hori- 
zontal planing tools which in successive cuts at 
one operation remove up to % in. of the edge, 
trimming it to the exact required size. They are 
followed by a set of five grooved rollers about 
3 in. in diameter with vertical axes set so that 
they successively upset the metal, the total upset 
being proportioned to the thickness of the plate, 
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and producing the thickened double bevel edge 
necessary for the lock joint. While one edge of 
the plate is thus upset the other edge is clamped 
to the bed of the machine with hand screw jacks 
and as soon as it is complete, which for a 30- 
ft. plate 6 ft. wide and % in. thick takes less 
than two minutes, the plate is reversed in the 
machine and the opposite edge is also upset. 

From the upsetting machine the plates are taken 
by girder cranes to the crimping machine, an 
hydraulic press of I50 tons capacity which has 
dies from 4 ft. to 8 ft. long to curve the edges 
of the plate to the required radius in successive 
sections of corresponding length. This operation 
is necessary to prevent the upset edges from being 
injured in the bending rolls of ordinary boiler 
maker’s type to which the plate next goes and 
from which it emerges curved 180 degrees for 
pipes up to 6 ft. in diameter; for larger pipes it 
will probably be curved 90 degrees and four pieces 
and four longitudinal joints be required for each 
30-ft. section. 

The curved plates are taken by girder cranes 
to the assembling floor where they are matched 
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together and their edges are fitted into the rolled 
lock bars which engage them easily and are 
clamped on by solid steel rings about 5 ft. apart 
which enclose the pipe and are wedged tight 
against the bars. 

The assembled pipe is delivered by the girder 
crane system to the closing machine which has 
large and heavy steel bolts with an adjustable 
cross-head, and below it, about level with the 
floor, a 750-ton hydraulic cylinder with a vertical 
plunger. The cross-head is set to provide clear- 
ance between it and the plunger for the pipe and 
a pair of adjustable die blocks mounted on a 
ong and massive hollow horizontal steel arm or 
mandril and operated by a small vertical hy- 
draulic cylinder is inserted in the pipe. The 
operator extends the plunger of the small cylinder 
so that the die blocks engage the inner surfaces 
of the top and bottom lock bars and act as a 
holder-on. Then the large depressed hydraulic 
cylinder outside is operated and reacting through 
the inside cylinder against the dies in the cross- 
head, closes the open flanges of the lock-bars press- 
ing them solidly down on the curved plate in 8-in. 
lengths. The machine is very rapid and as no 
time is lost except in removing the clamp rings 
and wedges the pipe is quickly carried through 
the housing on its horizontal roller carriage and 
both longitudinal joints are simultaneously made 
in a short space of time. 

The pipes are placed on the trimming skids, 
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the ends of the lock bars which project beyond 
the pipe are cut off and the bars are trimmed thin 
at the ends where buttstraps are used to form 
the circular joints, and the inner surface of the 
bar is flattened at the end to afford bearing for 
a rivet through the buttstrap. A hydraulic punch, 
suspended by a differential hoist, punches rivet 
holes in the end of the pipe for the splice and the 
pipe is taken to the riveting shop: and the butt- 
plates riveted on as in any riveted pipe work. 
It was at first thought that the forming of the 
pipe would produce unwarrantable variations in 
the rivet pitch if the holes were punched before 
the pipe was jointed, but recent trials have dem- 
onstrated otherwise, and in some cases the ends 
of the plates are punched flat instead of as above 
described. 

Each pipe is taken on trucks to the testing 
house and there angle iron rings are secured in 
each end by bolts through the butt splice plate 
field rivet holes. Heavy dished heads with rubber 
gaskets are set against the insides of these flanges 
and the pipe is filled with water delivered from 
a Worthington pump of a sufficient capacity to 
give any desired pressure. 

On the 48-in. x 7/16-in. pipe now being made 
for the Water Board of Wilmington, Del., the 
required test pressure is 200 lb. per sq. in. and 
recently a test was made on one of these pipes 
up to 400 lb., at which pressure, one of the testing 
heads buckled and broke the pressure pipe con- 
nection; the pipe itself showed no signs of dis- 
tress whatever and apparently would have stood 
a much higher pressure; this test was a very in- 
teresting one and was made in the presence of Mr. 
Theo. A. Leisen, the engineer of the Water Board 
of Wilmington, and Mr. A. W. Cuddeback, the 
superintendent and engineer of the Passaic Wa- 
ter Co. of Paterson, N. J., who has since placed 
an order with the company for 11,000 ft. of 48- 
in. and 42-in. pipe, and several of the officials of 
the East Jersey Pipe Co. 

After testing, the pipe is placed on trucks with 
one end engaging the flue opening of a furnace 
using oil fuel. A blast is turned on and the 
furnace flame is driven nearly through the pipe, 
escaping with the heated gases at the opposite 
open end.. This heats the pipe thoroughly and 
uniformly in a very few minutes to the tempera- 
ture required for the dipping bath. The pipe is 
then immediately lifted by an overhead girder 
crane and lowered with its axis vertical into 
the bath, removed after a few minutes, and load- 
ed on a flat car ready for shipment. 

The dipping tanks consists of a vertical cyl- 
indrical outer shell 12 ft| in diameter and 33 ft. 
long, set in the ground, with the upper end pro- 
jecting a few feet above the surface. The lower 
end rests on a concrete footing, which closes it 
tightly and also supports a concentric inner steel 
shell to ft. in diameter which is filled with the 
asphaltum preservative liquid. A coil of steam 
pipes between the inner and outer shells, and an- 
other arranged around the inner surface of the 
inner shell, heats the bath, and a third coil in- 
side a 12-in. pipe in the axis of the tank may be 
used to heat the bath still more if necessary. The 
center pipe and coil are removable and the for- 
mer serves to reduce the quantity of asphalt re- 
quired to fill the tank. 

With the plant above described and a force 
of about 4o men, about 50 tons of large pipe 
can be made, tested and shipped daily, running 
single turn. Contracts are now on hand sufficient 
to keep it in operation for a long time and it is 
intended to increase its capacity materially. 


Poppet VALVES are being tested upon a loco- 
motive in Germany in connection with super- 
heated steam. Separate inlet and exhaust valves 
are used, the valve motion operating the pop- 
pets by cams. 
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Methods of Raising an Elevated Railroad 


Structure. 
By W. F. Graves. 


A rather interesting and unusual piece of work 
is now being accomplished by the South Side 
Elevated Railroad in Chicago, in the erection 
of a third or express track parallel to the two 
existing tracks of the company from 43d St. to 


' rath St., a distance of about 3.3 miles. The struc- 


ture occupies the private right of way of the com- 
pany adjacent to an alley from 43d to goth St., 
north and south, thence west by a curve of 100 ft. 
radius for go deg., along the south side of 4oth 
St., which is occupied by the double track of 
the Chicago Junction Ry., to the west side of the 
alley and adjacent thereto, between State St. and 
Wabash Ave., thence north, crossing the Chicago 
Junction Ry. on a curve of 100 ft. radius for 
about 90 deg., on their own right of way to 12th 
St. 

The ordinance covering the express track im- 
provement provided for paving the alley and right 
of way for this distance. In order to accom- 
plish this it became necessary to tear down the 
old stations, which were brick buildings, the floor 


Fig |. Showing Type of Column Extension, 


line being on the street level, and erect stations 
suspended from the structure. To obtain head 
room for the paved roadway beneath the sus- 
pended stations, as well as to cross the tracks of 
the Chicago Junction Ry., which are to be ele- 
vated on masonry retaining walls, it became neces- 
sary to raise the elevated structure from four to 
ten feet at these places, and to replace the ordi- 
nary deck girder construction work with through 


spans at the railroad crossing and stations, thus , 


giving about four feet additional head room. 
The old structure consists of spread top col- 
umns, of two 15-in. channels laced, and spread at 
the top to 5 ft. to receive the deck track girders, 
and at the bottom inserted in a cast base resting 
on a masonry foundation, In the casting are re- 
cesses 21 in. deep, the shape of the channels and 
14 in. larger, in which they rest, and are fixed 
by a rust joint. The casting is held in position 
on the foundation with four 1%4-in. anchor bolts. 
The column, up to the top of an horizontal tie 
plate 8 in. wide, the bottom being uniformly 
1 in. above the casting, was filled with concrete to 
shed water. At the stations, cross-girder con- 
struction took the place of the spread top con- 
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‘struction; to the ends of the cross girders were 


spliced the cross girder of the new structure, thus 
making additional load for the old foundations 
and at these points the 8x8-in. pedestals were 
replaced with pedestals having a base 10 ft. square, 
this being done while the structure was on tem- 
porary supports. 

In order to clear certain property and lengthen 
the radii of the 100-ft. radius curves mentioned 
to three-centered compound curves having a ter- 
minal radius of soo ft. and a central radius of 
187 ft., it was necessary to shift the alignment of 
the old structure to the south about g ft. at 4oth 
St. and Wabash Ave. 

The work of raising and shifting the struc- 
ture and renewing the foundations was accom- 
plished in the following manner: An excavation 
about 4 ft. square was made around the base 
of each column, exposing the casting and cap- 
stone of the foundation, the nuts on the anchor 
bolts were taken off, and 5 ft. on either side of 
the column a substantial foundation of 12x12-in. 
timber blocks about 5 ft. long was placed to 
receive cribbing of i2x12 in. timbers, which 
were built up from three to five feet around the 
structure. On these was placed a 12x16-in. for 
the entire length, and on these, running length- 
wise of the structure also, were placed six 9x18-in. 
Oregon fir stringers having a span of about 15 ft. 
clear. On these stringers the regular 12x12-in. 
cribbing and framed bents were placed. Extreme 
care was exercised in taking out the old foun- 
dations and excavating for the new, to keep the 
excavation tightly boxed with a 3x8-in. hard 
maple on account of a great deal of quicksand 
being encountered, and a tendency from the 
concentration of weight, to cave the hole. When 
the required height was reached the castings were 
rammed off with two 20-ft. sections of go-lb. T- 
rail, suspended from ties on top on either side of 
the column, 


On these were placed tower bents of 12x12-in. 
timbers, framed with 4x8-in. bracing and bolted, 
the bottom flange of the track girder setting 
on the cap, within the cribbing. Before the bents 
were placed, the steel column was placed, prepara- 
tory to being riveted on the shaft of the old 
column forming the permanent supports of the 
structure. The sills of the bents were allowed 
to project about 2 ft. from the posts, to receive 
the head of a hydraulic jack. Under each end 
of the sills a 20-ton jack was placed, making eight 
to each steel bent, the base of the jacks resting on 
the projecting ends of the cribbing, and at times 
jacking was done on the pieces forming the crib- 
bing. The difference in the 2 or 4 in. being 
reached, oak blocks were inserted under the cross 
timbers of the cribbing, and the jacks released. 
This operation required from two to four min- 
utes. The next bent was treated likewise, great care 
being taken to keep an easy grade run off ahead 
of the jacking. When a height of 12 in. was 
reached on the small blocks a 12x12-in. timber was 
inserted replacing: them, thus keeping the struc- 
ture on a substantial cribbing. 


Where new foundations were put in under the 
old structure the method of jacking was the 
same, the cribbing, however, being built of 12x12- 
in. blocks placed lengthwise of the structure and 
7 ft. from the column, and extending across the 
height of the jack and the space between the bot- 
tom of the sill. The timber from which the jack- 
ing was done was made up by 4-in. oak blocks 
placed in the head of the jack; this did not 
usually exceed eight inches. 


The maximum height raised at each time was 
four inches, but this was kept down to no more 


than two inches when there was cross girder 


construction, owing to excessive stresses in the 
riveted connections, two lifts being made through 
this construction to one through the ordinary 


—e os 
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Fig. 2, 


spread top construction. 

When jacking at any bent was commenced a 
flagman on the tracks above stopped trains in both 
directions, none being allowed to pass over while 
the weight was on the jacks, and when a column 
with a block and fall being raised and dropped 
on each side of the projecting edge of the casting 
simultaneously. The rust joint, in the majority 
of these castings, held remarkable well, the cost 
im specific instances for ramming them off being 
as high as $40. 

Where the structure was shifted the 
bing was built up and bents placed in the same 
way as when new foundations were required, the 
difference being that two 12x12-in. sticks extend- 
ing across the width of the structure and over 
its new position were placed under the 9x18-im 
stringers, and when the required height was 
reached, about ro ft., the top one was raised 
sufficiently to permit placing turned oak rollers 
8 in. in diameter between them. The movement 


crib- 


Manipulation of lOC-Ft, Radius Curve 


was made by use of ordinary stone jacks placed 
against dead men. This lateral movement of 9 
ft. required about one hour to accomplish. 

The raising of the structure, reconstruction of 
the two large curves, erecting new stations and 
various manipulations of the old structure was 
done under a traffic of trains each way running on 
a maximum interval of 31% minutes without seri- 
ous delay, in spite of the fact that ten single track 
train movements were required in the recon- 
struction of that portion of the structure be- 
tween Indiana Ave. and 39th St., a distance of 
2,700 ft. 

In the accompanying photographs. 
trates the type of column extension used and 
shows the structure on its permanent supports, the 
cribbing having been partly taken down. Fig. 2 
illustrates the manipulation of the 100-ft. radius 
curve and crossing of the Chicago Junction rail- 
way. The point at which the structure was shift- 
ed still has the cribbing under it and can be seen 


Fig. 1 illus- 


267 


in the upper portion of the picture. Single track 
service is being used on the north-bound track 
of the new curve, and crosses over to the new 
tangent on the south-bound track, the old struc- 
ture having been wrecked and no track yet laid 
on the middle and north-bound tracks. The curve 
owing to the change in direction of the initial tan- 
gent now contains 92 deg. 10 min. Fig. 3 illus- 
trates the method of rolling the old structure over 
parallel to the new 
right, 


to its new alignment 
structure, which can be seen at the 
with framed bents on either side of the column 
to give it rigidity under train service, which has 
been single tracked to permit manipulating the 
existing tracks. Fig. 4 shows the old structure 
undisturbed and the new erected to the end of a 
station platform which interferes with further 


erection. 


Water Main Accidents. 


Water main accidents due to heavy blasting 
in the vicinity of such pipes are a source of se- 
rious damage which foremen ought to consider 
carefully. The destruction which a break in a 
large main will cause is very great, as a recent 
accident of this sort at 150th St. and Convent 
Ave., New York, showed very clearly. The break 
occurred in a 36-in, main near the top of a hill, 
and in a few minutes after it happened the steep 
avenue was flooded over a foot, the water run- 
ning into the cellars of the houses. At the bot- 
tom of the hill the depth was four feet in a couple 
of ‘saloons and the men assembled in them had to 
climb upon the bars to escape the water. In one 
of the houses the tenants were so overwhelmed 
by the flood that a hook and ladder company was 
called out and the people taken from the upper 
floors by ladders. The electric conduits of the 
street railways were flooded and the passengers 
in the cars were taken off in high-bodied wagons. 
The accident is a good example of what may hap- 
pen when exceptional care is not taken in all 
blasting operations in the vicinity of such pipes. 
Some contractors prefer to take the risk of dam- 
ages of this sort in order to push their work rap- 
idly, believing that the occasional destruction 
which results is more than balanced by the 
speed with which the construction is carried on. 
It may be questioned, however, whether it is 
safe to run any risk whatever when the mains 
in the vicinity are of more than very moderate 
size, and there are a good many contractors who 
believe that such risks should never be taken 
when there are pipes of any size whatever in the 


immediate vicinity. 


Fiz. 3. Rolling Old Structure Over to New Alignment. 


Fig. 4. New Structure in Place Beside the Old. 
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Some Concrete Work in Panama. 
By Howard Egleston, C. E., Bocas del Toro. 


Among the public works for which appropria- 
tions were made by the first Panama Congress 
in 1904 was the sanitary work at Bocas del Toro, 
a seaport situated 140 miles north of Colon, on 
the Atlantic Coast. This place is built on an is- 
land at the main entrance to the great Almirante 
Bay, one of the finest anchorages in the world. 
In olden times this was a favorite rendezvous for 
pirates, their intimate knowledge of the many 
passages between the islands surrounding the 
Bay, making their escape from pursuing men-of- 
war an easy matter. Later on, it became a 
favorite refuge for slaves escaping from the 
various West India Islands, and it was not till 
the year 1835, that it came under a regular gov- 
ernment, Colombia in that year sending officials 
to govern the place. 

The chief and almost only industry of the place 
is banana growing. Bocas is the largest ship- 
ping port in the Republic, and one of the largest 
in Central America; from it were shipped in 1904 
3,208,240 bunches, and in 1905 about 2,800,000 


View of Street the Day Before 


bunches. The falling off was due to a disease 
that has broken out in many plantations. The 
cultivation of bananas began in 1890. In Igo1 a 
consolidation of the various companies and indi- 
viduals engaged in shipping the fruit was effect- 
ed under the name of the United Fruit Co. Un- 
der their management the price paid for fruit has 
declined from 90 cents per bunch to less than 
25 cents for “firsts,” 12%4 cents for “seconds,” 
and 7 cents for “thirds,” with the natural result 
that most of the independent growers have sold 
their plantations to the company. 

So much to introduce the place. The first of 
the sanitary works to be done here consisted of 
building a sea wall about twelve hundred feet 
long, three and a half feet thick at the bottom 
and two and a half feet thick at the top., This 
wall is more a retaining wall for the street 
when it shall have been brought up to the level 
of which the city is to be raised. The location 
of the wall was thoroughly nasty, as one may 
judge from Fig. 1 taken the day before work 
began. The shore here had been the dumping 
place for the filth of the town since the year 1, 
and, starting above tide, we dug down again 
and again, until the men stood up to their chins 
in an indescribable ooze of black liquid filth. 

Sheet piling, made of three thicknesses of 1x10- 
in. boards, was driven for the walls of the form. 
Inside of these walls were placed other boards 


“1.1 m. wide below that. 
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in such manner as to give a section 0.75 m. wide 
on top, 1.00 m. wide at a depth of I.oo m., and 
The face on the land 
side is vertical, with an offset of 5 cm. 1.00 m. 
from the top; there is an offset of the same width 
on the sea face, separating the battered upper part 
from the plumb lower portion, 

We had great difficulty in keeping our form 
in a straight line. The mud was not stiff enough 
to hold the boards in place, and when we struck 
sand we found it packed so hard that it was 
impossible to drive the piling far enough into 
it to. give stability. Posts, driven every few 
feet, with stringers spiked on top of them, braced 
from houses wherever possible, gave as good re- 
sults. as could be expected under the circum- 
stances. 

The curve was the most difficult part of the 


work, yet from its form I was able to get bet- _ 


ter lines, and greater stability of the forms, than 
in the straight work. To get my curve I put 
in posts every eight feet. Against them I nailed 
a built-up timber something over 200 ft. long, 
composed of three thicknesses of 1xq4-in. stuff. 
This gave me a very true sweep, and on this, 


Work Began. 


all the woodwork of my form for the curve was 
based. : 

Of the labor question, I have this to say: I 
have had no difficulty in getting enough labor- 
ers for the work, and have found them, the 
Jamaica negroes, quite as good workers as any 
that I have employed in other places. In a coun- 
try where the necessities of life are so few 
as here, one cannot expect the same devotion 
to work as in the North. When there is no 
winter to provide against, no warm clothes to 
buy, it is not a serious thing to be out of work 
a part of the time; therefore you cannot drive 
your men as hard as you can when they must 
work or suffer. If one thinks for them, and 
is always on the alert to provide work for them 
the moment they finish the job they are on, he 
can get quite as good returns in work from 
the Jamaica negro as from any other laborer. 
The amount of work turned out depends more 
on the man in charge, than on the laborers. 

My experience here has been that I get bet- 
ter results with negro foremen than with white 
foremen. I tried white men at first, but not 
being able to get men of the right class, I pro- 
moted some of my best workers among the ne- 
groes, and the result was exceedingly satisfac- 
tory. 

The cost per cubic meter of my concrete work 
was altogether too high, averaging nearly $14. 
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This should not have been necessary, and oc- 
curred only through my being misled in regard 
to the materials I would find here. I went into 
the competition for this work at the last mo- 
ment and there was not time to make a trip 
of inspection to this place. I was therefore 
compelled to rely on information given me by a 
native engineer who had lived in Bocas many 
years. He assured me that I would find gravel 
plentiful and that it could be brought to the 
work at little cost. I therefore made no provi- 
sion for a stone crusher. On reaching Bocas 
to begin work I found soon that I should need 
a crusher and took steps to get one, but blun- 
ders on the part of a manufacturer in the Unit- 
ed States made necessary the exchange of several 
letters, each one taking two or three weeks for 
an answer, so:l was compelled to do the best I 
could by breaking with hand hammers. The lim- 
ited supply of stone made it impossible to use 
a mechanical mixer, and I was compelled to mix 
by hand. I make this explanation that no one 
should think that I claim that such work should 
cost here such a sum as it cost me; with 
proper preparation and machinery, there is no 


A Later View of the Same Street. 


reason why concrete should cost here more than 
eight or nine dollars, 

* I used Vulcanite cement exclusively, purchased 
through Mr. Allen Tupper, Southern agent for 
the company at New Orleans, La., and have to 
report most excellent satisfaction in all re- . 
spects. At first the native engineers, being only 
familiar with English, French and German 
brands, were very suspicious, one old Italian who 
was acting as inspector, insisting that, all bags 
must be sealed at the factory with a lead seal. 
But all friction worked off at last, and now 
everyone is convinced that a really first class ma- 
terial was used. ; 

I brought most of the cement down in bags, 
having frequent small shipments made, but I 
do not think I would do it again. Had the 
work been stopped for a month by rain, as 
may any time happen here, I should not have 
put a high value on the cement I had in stock, 
It is much safer in barrels. 

In making concrete I used throughout unwashed 
ocean sand and salt water to mix with, except in 
some cases when I needed quick-setting concrete, 
then I used the same sand, but mixed with rain 
water. This was not a matter of choice, Bocas 
has no water works, no river, no brook, but de- 
pends entirely on the rainfall for water for all 
purposes, and it was impossible to get a suffi- 
cient quantity of fresh water for mixing. Of 
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Two Views of the Condition of Streets Before Filling Was Commenced. 


Carpenter Work on the Mould for the Curve. 


View of the End of the Curved Wall. 


course the concrete set more slowly on this ac- 
count, and when there was wave motion, this 
was a disadvantage to the work. The concrete 


has hardened in a most satisfactory manner, and 


it is now almost impossible to make any im- 
pression on it with a pickaxe or chisel. 


Pumprinc Crupe Or through corrugated pipes 
with water is being tested by the Southern Pacific 
R. R: in an attempt to overcome the difficulties of 
pumping oil to long distances. The water is said 
to form a shell around the oil and the grooves in 
the pipe to cause the water and oil to advance with 


The Final Tangent of the Wall. 


a rotary motion. The water is removed from the 
oil at the end of the line by a centrifugal separa- 
tor. The pipe used is 8 in. in diameter, corru- 
gated on the inside with six 1%4-in. grooves, 3/64-in. 
deep, which. make two complete revolutions in a 
20-ft. length. 
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General View of Neals Shoals Plant from Above. 


CONSTRUCTION OF THE NEALS SHOALS POWER PLANT ON 
BROAD RIVER, S. C, 


By Francis L. Sellew, New York City. 


The increased activity in the development of 
hydro-electric plants in the South, where favorable 
locations for this class of prime movers abound, 
leads the writer to believe that a description of 
engineering details and methods of construction 
employed on a plant recently completed, thay be 
of interest. 

In the spring of 1903 work was begun on a 
dam and power house for the Union Mfg. and 
Power Co., of Union, South Carolina. The power 
generated is to be used in Union and its vicinity, 
where there are five large cotton mills, a knitting 
mill and a municipal hghting plant, which will 
take the bulk of the current, and numerous other 
interests requiring power in smaller units. The 
plant is located on “Broad River of the Carolinas” 
about 15 miles from the center of distribution and 
some 50 miles above Columbia, the State capital, 
at a point locally known as Neals Shoals. Here 
the river has a normal width of some 700 ft., a 
drainage area of about 3,000 square miles and a 
dry weather flow approximating 1,500 second-feet. 
The lake created by the dam is 10 miles in 
length, and after advantage is taken of the stor- 
age about 7,000 h.-p. will be delivered on the 
switchboard. 

The general plan of the plant is shown by Fig. 
1. The dam is about 1,000 ft. in length, founded 
upon rock for the entire distance from the ledge 
outcrop at its easterly end*to the power house. 
Near the easterly terminus provision is made 
for a lock in the structure should the future 
navigation interests of the river demand it. The 
entrance to such a lock is shown in Fig. 2, the 
gap being closed by a timber crib filled with rock. 
which can be readily removed if a lock should be 
constructed. Adjacent to the power house are five 
sand gates, as shown in Fig. 3, with operating 
mechanism located on piers well above the flood 
level, to draw off deposits from the forebay. The 
latter view was taken toward the end of a freshet 
which visited the work early in July, 1905. The 
profile of the dam which is spillway for the en- 
tire length is shown by Fig. 4. The rollway and 
the face were designed to be in contact with the 
passing water throughout the entire fall of the 
sheet. This theoretic profile meets the actual 
conditions almost perfectly as indicated in Fig. 2, 
which shows the water passing over the com- 
pleted structure in an unbroken sheet excepting 
such slight disturbances as are due to the rough- 
ness of the masonry, 

The dam has faces of quarry-faced rubble, a 
heart of concrete in which very large stones are 
embedded, and a concrete rollway. An excellent 
idea of the character of the masonry may be 


gained from Fig. 5, a view taken during construc- 
tion and Fig. 6 which shows the completed dam. 
The face courses were laid first and then the back- 
ing of large stones was placed, each stone being 
carefully bedded in rich Portland cement mortar, 
and not nearer than 6 in. to any adjacent stone. 
After all the backing in a course had been placed, 
the spaces between the stones were fully filled 
with concrete, thoroughly rammed into place, care 
being taken to leave the tops of the stones pro- 
jecting far enough to give a proper bond to the 
course above. These projecting stones were es- 
pecially large and numerous in the top course in 
order that the rollway concrete should be thor- 
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ard those of the wheel chambers are supported 
by cast-iron columns. Corrugated bars are used 
for further reinforcement of all walls, floors and 
piers. The general arrangement of the reinforc- 
ing metal, and also the layout of the power house, 
are shown by Figs. 7, 8 and 9, taken during prog- 
ress of the work. Fig ro is an interior view in 
the completed power plant, showing: the genera- 
tors in place. 

The power equipment of the plant is direct- 
connected, consisting of General Electric revolv- 
ing-field three-phase generators which are driven 
directly by Victor water wheels located in wheel 
chambers on the opposite side of the heavy north- 
erly wall of the generator room. There are four 
generators of 1,500-kw. capacity and two exciter 
units, each individually driven from water wheels. 
The large generators operate at 133 r.p.m. and 
deliver current at 13,200 volts, for the control of 
which there is the usual equipment of instru- 
ments, oil switches and a handsome switchboard. 
For the transmission line, which is about 16 miles 
in length, aluminum conductors have been used, 
carried upon poles spaced about iro ft. apart 
The latter carry also a telephone line on special 
cross-arms about 8% ft. below the high-tension 
line. ' E 

The floor wheel chamber, where the turbines are 
located is about 13 ft. below the crest of the dam 
and from this level are suspended draft tubes 
from the turbines, which discharge into openings 
under the generator room leading to the tail race. 
Fig. 7 is a view from the upstream side showing 
the draft tube pits before the wheel chamber floor 
was in place, and the discharge passages leading 
to the race below. Fig. 8 is a view from the 
downstream side looking into these discharge 
passages. Fig. 9 is a view from the side of the 
structure in which a clearer idea may be obtained 
of the relative positions of the water wheels and 
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Fig. 1, Plan of Construction Plant at the Neals Shoals Dam. 


oughly united to the mass below. When the 
pond was filled there were practically no leaks, 
the downstream face being only a little damp, 
which dampness gradually disappeared. 

The power house which adjoins the dam and is 
a continuation of it into the hill at the westerly 
end is composed entirely of reinforced concrete, 
excepting the roof, which is an asphalt and gravel 
covering upon plank supported by timber trusses. 
The easterly and southerly walls have embedded 
in them 18-in. steel beams, 35 ft. in length, reach- 
ing from well below the floor to the roof. The 
northerly wall has similar but shorter 12-in, 
beams reaching to the roof. These beams are 
about 6 ft. on centers and those in the northerly 
and southerly walls carry brackets on which rest 
the track supporting a traveling crane. Between 
these vertical beams horizontal corrugated bars 
are placed, the vertical spacing of which increases 
as the top is approached. The floors adjacent to 
the machinery are also reinforced by steel beams 


the generators. Between the wheel chambers and 
the forebay is a heavy concrete wall carried well 
above flood load to protect the generator room 
and in this wall are placed the head gates. This 
wall also carries the timber frame work against 
which rest the rack bars that prevent floating 
matter from reaching the wheels. 
ets the river carries large amounts of driftwood 
and other material with which the forebay would 
become clogged in a few hours, and to prevent 
this a trash fender of pile and timber construction 
was placed in a proper position to intercept this 
drift and deflect it over the crest of the dam. 
The illustration at the head of the article s..ows 
the head gates, rack bars and trash fender in a 
general view from above the dam. 

Contractor's Plant—Having given an idea of 
the magnitude of the work involved next will be 
outlined the plant used in its construction which, 
when the writer took charge in Dec., 1903, was 
already installed and had been in operation sey- 


During fresh- 


d : 


Marcu 3, 1906. 


eral months. At the outset it is well to call at- 
tention to the sudden and severe freshets to which 
this river, and indeed most Southern rivers are 
subject, in order that the reader may have a 
clearer idea of the risks and dangers attending this 
class of work. Although the dry weather flow 
of Broad River is but 1,500 sec. ft., during freshets 
the stream becomes a raging torrent, passing 
enormous volumes and menacing all temporary 
structures in its path. A rise in river height of 
from 10 to 15 ft. is a common occurrence and 
at times much greater heights are reached. In 
June, 1903, occurred the most disastrous flood 
of which this district has any record, at which 
time Broad River at Neals Shoals came up about 
30 ft. in 8 hours. On Pacolet River, a tributary 


of Broad, the flood was more severe and a rise 


of over 50 ft. was reported, several mills, with 
their dams being washed away and many lives 
lost. In the light of the above it is apparent that 
a plant for such work must not only be capable 
of efficient operation, but any portions which are 
in or near the river must either be secure enough 
to withstand these freshets or else be removed 
in advance of the flood; both methods are bound 
to cause much trouble and expense. 

Fig. 1 is a general plan of the contractor’s plant 


Fig. 2. Complete Dam with Overflowing Water 


at Neals Shoals which consisted of two parts; sta- 
tionary and portable. The stationary portion in- 
cludes the quarry, cableway, machine and _ black- 
smith shops, main boilers, river pump for boiler 
supply and stone crushing and concrete mixing 
plant. These are units which can usually be 
placed where they may remain throughout the 
entire work or else subject to but slight modi- 
fications. The rest of the plant was portable, 
including derricks, pumps, isolated engines and 
boilers and steam drills, which were moved about 
as the interests of the work demanded. In view 


-of the fact that the arrangement of this plant 


was directed by a contractor of wide and suc- 
cessful experience it is interesting to note its de- 
tails and in a general way its efficiency for the 
work in hand. 

Tt will be seen from Fig. 1, that the dam runs 
straight from its easterly end, nearly to the west 
bank of the river, then turns and runs parallel 
with the river to the power house, which struc- 
ture is some 200 ft. below the main line of the 
dam. <A cableway of about 1,150 ft. span was 
placed on line with the upstream side of the main 
dam, completely spanning the river and having its 
towers far above the reach of floods. As there 
was a large amount of rock in the power house 
and tail race excavation and nearly 6,000 cu. yds. 
of concrete to be placed in the power house, it 
was decided to put the stone crushing and con- 
crete mixing plant just west of the power house 
and near a derrick so placed that it could feed the 
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crusher, reach the discharge of the mixer and also 
control a portion of the excavations. The rock 
excavations beyond the range of this derrick 
were handled to it by others which also received 
and placed concrete in those portions of the 
power house beyond the reach of the crusher der- 
rick. The derricks about the power hous were 
used in setting the steel beams, roof trusses and 
other heavy structural material. 

For transporting mortar and concrete to*the 
dam, tracks’ were laid from the mixer slightly 
up grade to within. reach of the cableway. The 
concrete buckets were placed upon cars on these 
tracks and pushed under the mixer discharge. 


A mule hauled the full buckets to the cableway’ 


and the slight incline allowed the empty ones to 
return alone. Early examinations disclosed the 
fact that the most suitable quarry for the work 
was at a granite outcrop on the easterly side of 
the river and about 300 ft. above the dam. An 
opening was made here and tracks laid slightly 
down grade to the cableway. The quarried stone 
was placed on cars on these tracks by the derrick 
and two men pushed the cars to within reach of 
the cableway which landed the stone under the 
derrick, by which the masonry was laid. The 
men could also push the cars back to the quarry 


as the grade was slight. When the excavations 
in power house and tail race were completed the 
quarry had to furnish stone for the crusher and 
this stone was run on the quarry tracks to the 
cableway which set the loaded skips across the 
river to cars on the tracks leading to the mixer, 
where the derrick previously mentioned dumped 
them on the crusher platform. When masonry 
was in progress on the dam the cableway was so 
occupied in supplying mortar and concrete that it 
could not keep the masons supplied with stone; 
this being especially so when it became necessary 
to supply the crusher from the quarry in addi- 
tion to other work. This made it necessary to 
operate the cableway at night, when enough 
stones were landed under the masonry derricks 
to answer the requirements for the next day. 
This almost constant work of the cableway sub- 
jected it to great wear and many stoppages for 
repairs were necessary which greatly delayed the 
work, the progress of which was largely regulated 
by the amount of material the cable could deliver. 
Another source of expense caused by the necessity 
of working nights, was the inability to land the 
quarried stone immediately upon cars and trans- 
port them to the work; for the stone quarrie‘ in 
the daytime had to be piled under the derrick 
and rehandled to the cars at night. Although the 


. cableway was of great assistance in moving plant 


out of the path of floods and in transporting men 
and material across the river: during freshets, I 
believe much better progress would have been 
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made had locomotives and cars been used in its 
place. By this method cribs well-filled with stone 
would be so placed across the river that they 
could be incorporated in the downstream side of 
future cofferdams. From the corners of these 
cribs posts would rise to support the tracks well 
above any ordinary flood. Double tracks with 
suitable cross-overs should be laid on these posts 
and run under the quarry derricks. The derricks 
in the cofferdams should be set to command 
these tracks; by keeping a string of empty cars 
in the quarry all the time the stone could be 
landed on the cars as soon as quarried; the load- 
ed trains would be placed under the cofferdam 
derricks and the stone set in the masonry with the 
least possible handling. Had the crushing and 
mixing plant been moved to the quarry when the 
rock in tail race and power house became ex- 
hausted, I think an improvement would have been 
made, for although there was still considerable 
concrete to be placed in the power house, this 
could have been transported from the quarry as 
cheaply as the spalls were and two handlings 
of the spalls would have been saved; viz., the re- 
handling on cars at the quarry and the handling 
to the crusher. The placing of the mixing plant 
at the quarry would necessitate the handling of 
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the cement across the river, for all supplies come 
in on the westerly side, but this expense would 
have been slight compared with that of bringing 
the spalls over the river, handling them to the, 
crusher and then taking the concrete back to the 
dam. Had cars been used, as above suggested, 
the mixing plant could have been placed to dis- 
charge into them and the concrete placed imme- 
diately under the masonry derricks. 

The reader will ask how could a track be main- 
tained in a river subject to disastrous floods? My 
answer is to make the cribs amply large and fill 
them with heavy stone; and to design the track 
span of such dimension that the restriction of 
flow will be reduced to a minimum; under the 
best of conditions the track will be subject to 
some damage, but the writer’s observations lead 
him to believe that the advantages to be gained 
from such an arrangement will far outweigh 
any cost of repairs to the structure. 

Derricks and Engines.—All of our derrick en- 
gines were of standard make and pattern of about 
16 h.-p. and fitted with swinging gears. The 
derricks had masts from 65 to 82 ft. in length 
and booms between 60 and 78 ft. At the start 
all derricks were fitted with bull wheels, oper- 
ated by the swinging gears, which made an excel- 
lent arrangement for excavations and other oper- 
ation where great steadiness of boom is not re- 
quired; but when the masonry was started it 
was found that much time was lost by the in- 
ability of the engineer to fully control the boom 
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in the setting of large stone. A change was made 
to tag lines operated over the winch heads and 
this method being more positive in its action, 
accomplished better results. Although fully 
aware that a contrary opinion is held by some 
contractors of large experience the writer is fully 
convinced after two years’ careful study of the 
problem, that engines for this class of work should 
be much larger than 16 h.-p. and would recom- 
mend at least 25 and in most cases 30. The 
derricks mentioned above are no larger than re- 
quired for the work, and in most cases it would 
be advantageous to increase them somewhat; but 
they are too large for economical operation by 
engines of 16 h.-p., especially when the swinging 
gears are used. In consequence the engine is 
constantly overloaded, resulting in wearing of the 
parts and breakdowns; the derrick moves slowly, 
causing loss of time, and the size of stone han- 
dled is restricted to not over two yards. Another 
source of annoyance and loss is the inefficiency of 
a majority of the enginemen which the South 
affords and the certainty that their improper 
handling will result in unduly straining the ma- 
chine, which is already overloaded. With the 
larger engine there will be considerable reserve 
power; it will never be overloaded; the derricks 
will move easily and quickly; the size of stone 
handled can be more than doubled, thus increasing 
the rate of progress and decreasing the cost of 
quarrying, and the large machine with reserve 
power is not as susceptible to the skill of the 
operator as the smaller and overloaded one. The 
only objections that the writer has heard to the 
use of the large machine are, first, it is more ex- 
pensive to transport and move about on the 
work; second, in handling the larger stone which 
it is capable of, the masons will all stop work 
and keep from under the boom until the stone is 
placed, thereby causing much loss of time. With 
regard to the first objection I will say that the 
additional expense of handling the larger machine 
is slight and of no consequence when compared 
with the advantages it affords. My opinion on 
the second objection is that the tendency of a 
mason to “stand from under” is not due so much 
to the size of the stone as to the confidence the 
man has in the ability of the entire rig to stand 
the additional strain. Most masons would as soon 
be struck with a large stone as a small one, the 
result to them being the same, and it is my 
judgment that having once convinced your men 
that your rigging can handle safely the larger 
stone the losses of time due to this instinct of 
self-preservation will be no more, at least, with 
the large machine than with the small one. 

Main Steam Plant.—This plant, consisting of 
two 60-h.-p. boilers of the locomotive type, was 
installed on the hill just west of the power house. 
It supplied steam for two derrick engines; crusher 
engine; mixer; pumps in tail race and power 
house excavations; the river pump for boiler and 
mixer supply; one pump in the cofferdams and 
the steam drills used in the foundations. The 
cableway, quarry derrick, and three other der- 
ricks used for excavations and masonry had their 
own boilers as they were beyond the reach and 
capacity of the main plant. The boilers were 
under a rough board shack, and had they been 
bricked in, an expense which I think the magni- 
tude of the work justified, considerable saving in 
fuel would have resulted, especially in the win- 
ter weather. The leading lines from the boilers 
were of various lengths from 50 ft. to several 
hundred laid generally on or above the surface and 
immediately subject to changes in temperature. 
The expansion and contraction of these lines made 
it practically impossible to keep the joints tight 
and the losses due to leakage were considerable. 
The losses from radiation were also large and 
taken altogether the work done by this plant was 
entirely out of proportion to the power generated. 
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One of the most difficult problems which con- 
fronts a contractor in planting a work of this 
kind is the character of the power plant. For- 
merly it consisted of a choice between a central 
steam plant with long leading lines, a number of 
individual parts or a combination of these two 
methods. The recent applications of electricity 
and compressed air to contracting methods give 
a wider field to choose from and investigation 
might show that for large work a producer gas 
plant could be employed to advantage. 

The writer believes that an investigation of the 
relative applicability of all of these methods to 
the work in hand before reaching a decision would 
be time well spent. The boilers were all supplied 
with river water which carried a large amount 
of sediment, this being especially the case during 
and immediately after freshets, necessitating fre- 
quent washings of the boilers aggregating con- 
siderable expense. I think that the money so 
spent would be more than enough to provide 
driven wells, should the investigation show this 
source to be free from lime’ to supply clear water 


Fig. 5. Section of Dam. 


- for this purpose and would also remove the dan- 


ger of “mud burns.” 

Pumping Plant.—Having fixed the general out- 
line of a plant for river work and determined 
the character of power to be used the next thing 
in importance is the pumping department. The 
cofferdams are usually of large area and likely 
to be of considerable depth so large volumes of 
water will need to be handled quickly to free 
a newly constructed dam or relieve one after a 
freshet—this is especially the case if the founda- 
tions are deep and the flood comes when every- 
thing is ready for the masonry. New cofferdams 
are almost sure to have some leaks and a freshet 
is likely to break through the old ones in places, 
therefore the pumps should be large enough to 
so lower the water level even with considerable 
leakage that the source and character of the leak 
may be definitely determined. Generally when 
the exact position of a hole is known it is a sim- 
ple matter to devise some means of stopping it, 
but if your pumps are not sufficiently powerful to 
disclose the leak to view much valuable time 
may be wasted in finding it. On the work under 
discussion, the heaviest pump was a 6-in. centri- 
fugal and after the dams were free of water the 
leakage was taken care of by 4-in. plunger pumps. 
Oftentimes the 6-in. pumps were not strong 
enough to develop the leak and vexatious delays 
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resulted. I have heard men say that if a 6-in. 
pump would not free a dam improper work had 
been done, but I have seen a number of dams 
which were very tight except for a leak at one 
point that was easily stopped when found and yet 
this leak would more than hold a 6-in. pump. 
These dams afterwards proved to be of excellent 
construction. Although it may appear very large 
on first thought, I believe that one 12-in. centri- 
fugal pump for this class of work will pay for 
itself many times before the’ contract is com- 
pleted, and if the pump is of a type designed to 
handle sand and gravel much of the flood deposit 
can be removed in this manner. The 4-in. pumps 
provided for handling the ordinary leakage after 
the dam had been freed of water proved to be 
rather small for the purpose, it being necessary 
to run them at such high rates of speed that 
they frequently broke down and caused flooding 
of the work. The best 6-in. pumps that can be 
bought should be used for this service, for stich 
a machine will handle the ordinary leakage cf 
a properly constructed cofferdam without over 
loading. A small additional outlay for pumps, 
perhaps a trifle larger than actually required will 
prove a profitable investment in the end. 

Comparison with Other Plants—The modifica- 
tion suggested in the plant in general are those 
that impressed me as the work progressed. Of 
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Fig. 4. Section of Dam. 


coursé, no man can tell absolutely at the begin- 
ning of a piece of heavy work just what methods 
he should use and whatever scheme is adopted 
will be subject to more or less unfavorable criti- 
cism and perhaps changes before the work is 
completed. I believe that the Neals Shoals plant 
will not suffer by comparison with any plant pre- 
viously installed in the South, but I also believe 
that it can be improved upon and that my sug- 
gestions are in that line. 

Cofferdams.—While the details of the coffer- 
dams used in the South, vary to meet the condi- 
tions encountered, their general type is the same: 
that is the anchorages consist of timber cribs 
filled with stone of various sizes. The spacing 
size and height of these cribs will depend upon 
the original depths of water and the stage*of 
the work. When the first cofferdams are placed 
the restriction of flow will be slight with less 
liability to flooding, so a comparatively small, low 
crib may be used with fairly wide spacing. As 
the work progresses the completed structure will 
result in a continual deepening of the water above 
the dam and the cribs must be made larger, higher 
and placed nearer together. Square cribs are 
sometimes used, but a rectangular one with its 
longer side set with the current is more stable 
and will give decidedly better results. The cribs 
are usually constructed of logs held together at 
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the corners by I-in. iron rods which pass through 
inch and one-eighth holes bored in each end of 
the logs. Squared timber is sometimes used but 
it is more expensive and as the logs give as good 
results and can usually be obtained within a 
short distance of the work they are in more gen- 
eral use. Oftentimes the crib is built in the water 
on the position it is to occupy, but this is an 
expensive method and restricts operations to sea- 
sons when the men: can work in water without 
being chilled. A better method is to place a der- 
rick on a crib in such a position that it will 
control all sides of the cofferdam and build the 
cribs on a platform under the derrick, which 
then swings the cribs into position and guys up 
river will hold them until sufficient stone is placed 
to allow the removal of the guys. On the work 
herein described the cribs for the earlier coffer- 
dams were built in the water, but later ones 
were constructed on shore under the cableway 
which Be them within reach of the coffer- 
dam dertick and they were then put in position 
by the above method. The earlier dams were con- 
structed) in about five feet of water, the cribs 
were 8 ft-square, projected some two feet above 
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erally consists of one of the three following types 
that will be described in detail. The so-called 
“tumbling dam,’ in which plank, resting on a 
waling piece placed upon the vertical posts, are 
driven with a dip upstream of about 35° from 
the horizontal; the clay chamber dam consisting 
of two parallel lines of plank spiked to waling 
pieces held to the crib posts by wrought iron 
rods, the space between the lines of plank being 
filled with clay; a single line of plank spiked to 
waling pieces on the posts and protected by a 
heavy bank of clay on its outer side. To build 
the first or tumbling type the crib posts are cut 
off at a uniform grade and to their tops is bolted 
a waling timber not less than ro in. in diameter; 
at each post other 10-in. timbers lead upstream 
from the bottom of this waling piece at the angle 
of dip selected for the dam; these timbers should 
be well driven into the bottom and attached to 
the crib posts by 34-in. bolts fitted with nuts 
and washers.” Whenever practical a mudsill is 
placed upon which the upstream ends of these 
timbers rest: It is good practice to run these 


inclined timbers well by the crib posts instead of 
stopping them there, in which case the upper ends 
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but unfortunately these conditions rarely obtain 
as most river beds contain numerous obstructions 
which either prevent the plank from penetrating 
or cause them to drive out of line, leaving open- 
ings which it is hard to close. Again the weak- 
est part of this dam is at the toe which has to 
withstand the greatest pressure and this portion 
must be constructed under water, preventing the 
best of work from being done. As a result such 
dams are liable to blow out at this weak point, 
especially during freshets. In one of our earlier 
cofferdams this style was used on the upstream 
side as shown in Fig. 5 and it was also used in 
one other case. But its behavior was unsatis- 
factory and it was discarded in subsequent work. 
With the clay chamber type a pair of waling 
pieces, their horizontal “spacing depending upon the 
thickness of the clay chamber, is bolted to the 
crib posts about 2 ft. from the bottom; similar 
pairs of walings are placed above the first one, 
the vertical spacing being from 3 to 4 ft., the 
top set being about the level of the tops of the 
posts. Each pair of walings is held in place 
by wrought iron rods, fitted with nuts and wash- 
ets, passing through both walings and the crib 


“ Fig.6. Ceneral View of Neals Shoals Dam and Storage Basin, November, 1905, 


the surface and were spaced about 15 ft. apart. 
As the work progressed the dimension of the cribs 
and depth of water constantly increased until 
in the final closure dam where we had a depth 
of 22 ft., the cribs were 10 ft. x 20 ft. with the 
long sides set in the direction of the current and 
placed in contact with each other. The cribs 
in this dam extended about 3 ft. above the nor- 
mal water surface and were completely filled with 
very large stone, the voids containing smaller 
stone to make the mass as compact as possible. 
When the masonry was above the water level 
the cribs were unloaded and the’stone used in 
the work. This method of using the crib stone 
for masonry was followed whenever practical. 
One very good and safe rule to follow in the 
design of cribs is to make the length of the side 
set with the current equal to the depth of water 
against which it is to act; where cribs are liable 
to be attacked by falling water during freshets 
it is wise to floor them over to prevent the stone 
from washing out. The next step in the con- 
struction of the dam is to place vertical posts at 
the corners of the cribs adjoining the water 
pressure. These posts should be bolted to the 
cribs by at least two 34-in. wrought iron bolts 
with nuts and washers; drift bolts should not be 
used. We are now ready to proceed with the 
construction of that portion of the dam upon 
which its imperviousness depends and this gen- 


are supported by struts from the crib tops. This 
allows the sheeting to extend well over the cribs 
and protect them from disintegration during 
freshets. Other waling pieces are now placed 
upon these inclined timbers, parallel to the face 
of the dam and adzed down if necessary until 
their top surfaces are in line with the top waling, 
thus furnishing a uniform bearing for the plank. 
The plank are now laid on the waling pieces and 
driven as far as possible into the bottom, being 
redriven several times until further penetration 
is impossible. The plank are then spiked to each 
waling and cut off flush with the top one. Some 
of the spiking has to be done under water and 
for this work the following device, called by us 
“a gun’ was used. A piece of I-in. pipe suffi- 
ciently long to reach the lowest spike and still 
have its upper end out of water had an iron 
rammer, about 6-in. longer than the pipe, to work 
inside of it. The lower end of the pipe was placed 
under water at the point where the spike was to 
be driven, a spike was dropped down the pipe 
and the rammer used to drive it home. After 
the plank are in place a heavy blanket of clay is 
put upon them and carried well above the water 
level; this clay covering must be especially thick 
cat the toe of the dam. This type is only applicable 
to the upstream side of a cofferdam where with 
shallow water and a river bed into which the plank 
can be well driven, it will give fairly good results ; 


posts; the vertical spacing of the walings on 
the side farthest from the posts is preserved 
during construction by occasional plank spiked 
to each waling and with their ends resting on 
the bottom. These temporary supports for the 
walings should be spiked on the upstream or outer 
side in order to leave the inside free for the sheet- 
ing. After the walings are in the sheeting is 
placed on the inside of each and forced by re- 
peated drivings as far as possible into the river 
bed. It is well to make the driving light at first 
so that the water may readily pass under the 
ends of the plank and scour out some of the 
material; by repeated drivings and scouring the 
plank may be forced to sufficient depth. The tops 
of the sheeting may extend two feet above the 
crib posts without danger but if this is exceeded 
it is a good precaution to brace the tops from 
the farther side of the cribs. Too much atten- 
tion cannot be given to the plank driving for 
upon it depends in a large measure the tight- 
ness of the structure. After the planks are thor- 
oughly driven they are securely spiked to each 
waling and then the chamber is filled with clay 
in thin layers thoroughly rammed. Better results 
ca be obtained if gravel is mixed with the clay 
to the extent of 25 or 30 per cent., but often- 
times such material is hard to find. The tops 
of the plank should be cut off at a uniform grade 
and a- two-inch waling spiked on each side; 
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this tends to keep the tops in line, and if crib 
braces are used as suggested their effect is more 
evenly distributed. After the filling has reached 
its ultimate settlement, the chamber is sometimes 
planked over to prevent scouring out during 
freshets. This is of great value on the portion 
of the dam which lies parallel to the current, but 
as it obscures the filling from view the plank 
should be removed occasionally and search made 
for local settlements. This kind of dam is the 
one in general use, it being considered the safest 
and surest method and is applicable to all ordinary 
conditions in moderate depths of water. It was 


used for the bulk of the cofferdams at Neals 
Shoals with clay chambers from 6 to 8 ft. thick 
and gave good results. The third type of dam 
was that used for the final closure where the 
water was over 20 ft. deep. A clay chamber 
structure was first considered but as the placing 
of the walings requires considerable under water 
work and the closure had to be made in the 
winter time it was necessary to adopt some 
method that would keep the men dry. The cribs 
for this dam as previously stated were 10x20 ft., 
set long way with the current, in contact with 
each other and compactly filled with stone. Posts 
extending from the bottom to two feet above 
the cribs were placed at the corners adjacent 
to the water pressure and horizontal -walings 
bolted to these posts with a vertical spacing of 
about 3% ft. To avoid under water work, sound- 
ings and measurements were taken so the posts 
and walings could be framed and bolted together 
on shore in suitable lengths and then handled 
into place by the cableway and derricks. As the 
cribs extended above the surface it was possible 
to bolt the posts and walings to each crib above 
the water at two points about 3 ft. apart, the 
water pressure being depended upon to hold the 
timber against the cribs below the surface. The 
sheeting was then driven by the methods de- 
scribed above and cut off even with the tops of 
the posts. A heavy filling of clay was deposited 
against the sheeting until the pumps could free 
the cofferdam sufficiently to allow the excavation 
to begin. The excavated material was dumped 
on top of the clay until the fill was some 3 ft. 
above the normal river height. This dam was 
quickly constructed, remarkably tight and with- 
stood some seven or eight freshets without ma- 
It proved an excellent cofferdam 
in every way and one that I should recommend 
for any similar conditions. After a cofferdam 
is completed it is well to allow it to stand sev- 


terial damage. 
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eral days before the+pumps are started that the 
filling may compact itself before the pressure 
comes upon it. In all of the types described, 
before any filling is placed, it is well to make the 
structure as tight as possible by the use of strips 
of burlap forced around the bottoms of the plank 
and into any open joints by means of large poles. 
This will prevent, to a large degree, the material 
from washing through when the filling begins. 
Burlap is cheap and one cannot emphasize too 
strongly the wisdom of having plenty of it on 
hand for not only is it useful in the construction 
of the dams but there is nothing so efficacious 
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appeared to be solid rock was merely large, flat 
boulders about one foot thick and the suitable 
foundation was from 15 to 30 ft. below. Most 
of the excavated material, while not solid rock, 
had a rock structure and was very difficult to 
remove, entailing considerable additional expense, 
which was further increased by the cost of build- 
ing higher and more elaborate cofferdams to 
withstand floods during the increased period of 
excavation and by the additional cost of pumping 
Altogether this work which was not anticipated 
when the contract was let increased the cost to 
the contractor to a great extent, but as the work 
was taken at unit prices it was ruled that no ad- 
ditional compensation could be had, as the con- 
tract did not stipulate or guarantee any particular 
depth. This being the case it behooves all con- 
tractors in taking work where no careful investi- 
gations of the foundation have been made, to 
make such examinations themselves. The cost 
of a few borings is slight when compared with 
that of building a light cofferdam with the ex- 
pectation that the foundation is near the surface 
and finding later, to your sorrow, that it is far 
below and your temporary structures must either 
be strengthened or rebuilt. 


General Requirements.—As stated earlier, mol 
power plant work is somewhat removed from 
railroads and settled communities. The work 
under discussion was about five and one-half miles 
from the nearest station and nearly all of our 
supplies were hauled that distance. Near the 
close of the work a railroad was built in but it 
was too late to be of material advantage except 
in the transportation of the heavy machinery 
which it was impractical to haul by teams. This 
isolation renders it necessary to keep large quan- 
tities of supplies on hand as heavy rains make 
the roads nearly impassable and in the winter 


Fig. 8. Looking Upstream at Power House, April, 1904. 


in closing “blow outs,” which may occur at any 
time. The writer has seen a dam made to stand 
a four-foot head of water before any clay was ap- 
plied, merely by the use of burlap. 

Depth of Excavation—When the work was bid 
for it was supposed that the foundation for the 
dam was either at or very near the river bed. 
The rock outcropped at the easterly end and 
could be seen for some distance into the river 
from that shore; also at several isolated places 
on the line of the dam rock appeared to be at 
the bed of the stream. These surface indications 
led to the belief that the depth of excavation 
would be very slight although no borings were 
made to confirm it. As the work progressed it 
was found that with the exception of a short 
length adjoining the easterly shore, what had 


and early spring there may be long periods when 
hauling cannot be done. Proper arrangements 
must be made for storing a good supply of ce- 
ment in tight buildings with the floors well above 
the surface of the ground. Extra care in the 
construction of these buildings will amply, repay 
any additional expense so entailed. Preparation 
should be made for repairing plant and the ma- 
chine shop should be equipped with a small lathe, 
pipe cutting and threading machine, drill press 
and an ample supply of dies, taps and drills of 
various sizes. 

In the blacksmith shop modern appliances 
should be introduced and if there is much rock 
work a steel sharpening machine will prove econ- 
omical. Great care should be exercised in the 
selection of especially skilled men for work in 
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+ these shops and there should be a thorough mas- 
ter mechanic who shall have personal super- 
vision of all machinery connected with the work. 
A head rigger should be employed who will give 
his entire time and attention to the setting up, 
taking down and general inspection of the der- 
tricks and appurtenances. These men are usual- 
ly hard to find and to secure them it is necessary 
to make the salary attragtive. These skilled men 
and also the foremen will be white and com- 
fortable arrangements must be made for housing 
and feeding them, otherwise they will become dis- 
satisfied and leave the camp. Some of these men 
will want to bring their families with them and 
will ask that proper arrangements be made with 
this end in view. While one may be tempted to 
ilo this to secure the services of a specially skilled 
man, in the end it will be much better if no such 
concession is made. These camps are not places 
for women and children who should be left with- 
in reach of the protection, comforts and medical 
attention of some settled community. The shacks 
provided for the men should be supplied with 
comfortable beds and stoves and a laborer ap- 
pointed to care for the rooms. A nominal rental, 
sufficient to cover this expense should be charged 
against each tenant and collected by the time- 
keeper on pay day. A commissary well supplied 
with goods must be maintained, when there are 
no local stores within easy reach. Another neces- 
sity is medical attendance; when the magnitude 
of the work demands it a resident physician may 
be employed, but in ordinary cases arrangements 
may be made with a local doctor who will be sub- 
ject to call if reeded and in addition make regu- 
lar visits to the camp about three times a week. 
This expense should be covered by a small weekly 
charge against each man connected with the work, 


Fig. 10. 


which will aggregate a fair fee for the physician. 

The work above described was completed in 

‘ Dec., 1905. The engineers were W. B. Smith 

Whaley & Co., of Columbia, S. C., and Boston, 

Mass. Mr. G. E. Shaud, of Columbia, acted as 

chief engineer of the work The contractor was 

Mr. George O. Tenney, of Spartanburg, S. C. The 

writer was employed by Mr. Tenney as superin- 

7 tendent from Dec., 1903, until the completion of 
the contract. , 

The Labor Problem—At the outset the con- 

tractor for work in the South will be confronted 
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by a problem that will stay with him to the end 
and it will constantly be in front of him; it can- 
not be sent to the rear. There will be no labor 
unions to hamper him, for although these exist 
to some extent in the larger cities, in the out- 
lying districts where most of the power plants 
are to be built their influence is not felt. But 
he will find a certain union fully as strong as 
the above against which all efforts to the present 
time have availed little. This is a union of the 
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ding, for such luxuries will soon disappear and 
any darkey who comes into camp with the inten- 
tion of staying will make such arrangements for 
himself. Particular attention should be given to 
the roof and sides of the shack, that it shall be 
warm and dry. In the matter of floors one need 


no be so particular for the only use most negroes 
have for a floor is the opportunity it affords to 
hide whiskey under it; so if a high, dry place 
be selected for the camp no floor will be needed. 


Fig. 9. Work on Reinforced Concrete Foundations of Power House. 


Generator Room of Neals Shoals Power Plant. 


Negro against work. For if there is any one thing 
on which the colored man is a unit it is in the 
grim, continuous determination to perform no 
labor unless he is hungry and can steal nothing 
to eat. In preparing for a force of hands the first 
step is to build some substantial shacks with rough 
stone chimneys and open fire places in which 
cooking may be done, and have the men prepare 
their own meals. Have the shacks divided into 
rooms with accommodations for from six to eight 
and fitted with rough board bunks securely spiked 
to the walls. Do not supply mattresses or bed- 


It is well to have not over six rooms to each 
shack; have the rooms the full width of the 
building with a door at one side and a window 
in the other so placed that a clear view may be 
had of the interior from each opening. Furnish 
wooden shutters for the windows; ao glass. The 
site of the camp sould be selected with due re- 
gard for sanitary advantages and reasonable reg- 
ulations of this character should be enforced; a 
spring of fresh water should be near at hand; 
the camp should be well removed from the quar- 
ters for white men and yet near enough to the 
work to be constantly under the eye of the super- 
intendent. As the work will probably be beyond 
the jurisdiction of any police organization, the 
contractor must be prepared to maintain order 
and discipline himself. The rules and regulations 
should be simple and few: such ag will effect- 
ually safeguard the life, belongings, general com- 
fort and health of the men and still not curtail 
their freedom to drink, gamble, attend hot sup- 
pers and engage in some minor settlements of 
differences of opinion as long as these diversions 
are conducted in a decorous manner. It is well 
to recognize at the start that you are not run- 
ning a Sunday-school; that the Negro has habits 
and tastes to which he has become devotedly 
attached and if he is prohibited from practicing 
them he will immediately leave camp; so in pass- 
ing judgment upon him he should be viewed 
through smoked glasses. Any serious offender 
should be immediately apprehended and turned 
over to the nearest law ‘officer, but of all minor 
offences little notice should be taken. Once your 
camp has the reputation of being orderly and at 
the same time free and easy you will have little 
trouble in holding your men when there are any 
to be had. When the camps are ready for oc- 
cupation agents should be sent out to collect the 
men. As labor is scarce, some Southern States 
have laws prohibiting the solicitation and trans- 
portation of labor outside the State. Many of the 
large cities and towns have ordinances of a similar 
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nature restricting the movement of labor beyond 
their limits, even, if it is to be used in their own 
State, unless a license fee is paid. The agent 
should be fully informed of all labor rules and 
regulations before starting out; be supplied with 
hand bills describing the location of the work, 
probable length of employment and wages paid; 
and sufficient money to transport any men he 
may collect. This transportation should be col- 
lected out of the future wages of the men. You 
will find it necessary to transport the women of 
some of the men and this transportation is also 
deducted from future wages. When an agent 
has a dozen or more men collected he should per- 
sonally conduct them into camp and turn them 
over to the time-keeper. It is useless to give 
the men transportation and send them in alone 
for they will fall by the wayside for one reason 
or another and never reach their destination. 
Many of them start merely to satisfy their de- 
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As a result, it will be well to carry in your camps 
from 30 to 40 per cent. more men than the work 
actually demands in order to have at all times a 
working force. On the work the negro will prove 
about as efficient as any other class of labor; he 
is willing to do anything, go anywhere regardless 
of danger and is always in good humor. He 
should be directed by a white foreman who 
wholly understands the pecularities and*traits of 
the race in order to bring out the best there is 
in him. A few years since the wages of com- 
mon labor in the South was 50 cents per day. 
This rate has steadily advanced until to-day many 
works are unable to obtain a sufficient amount at 
$1.25 per day. Asa general rule, a raise in wages 
while the work is in progress does not induce 
the existing force to work any more time, but it 
does attract some outside men and thus the vol- 
ume of your labor may be increased. Attempts 
have been made to introduce foreign labor 
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Excavation for Dry Dock No. 4, Brooklyn 
Navy Yard. 


The three dry docks at the U. S. Navy Yard in 
Brooklyn, N. Y., are of different design and di- 
mensions and have been built at different times. 
One of them is of timber construction, one orig- 
inally of timber and later repaired and reinforced 
with concrete, and one”of masonry. All are lo- 
cated in soft treacherous ground and all but the 
last named have given trouble in construction and 
in maintenance. The fourth dock which is now 
under construction will be slightly shorter and 
narrower than the largest one previously built 
there, but will be enough deeper so that its cubical 
contents will be larger than any of the others in 
the navy yard. It is to be entirely of concrete con- 
struction on a pile foundation. The inside dimen- 
sions will be about 542 x 130 ft. by 4o ft. deep and 
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Arrangement of Cableway Plant for Building Dry Dock No. 4 in the Brooklyn Navy Yard. 


sire to ride in a train, intending to desert before 
the work is reached and oftentimes great tact 
and care must be exercised by the agent to get 
his charges safely landed. Upon arrival the time- 
keeper should assign them quarters for which 
a small weekly charge will be made; in some 
cases no shack rent is charged but I believe some 
collection should be made not only to cover the 
expense of the shacks but also as it tends to ex- 
clude from the camp the habitual loafers who 
lay around and induce some otherwise industrious 
ones to join them. Industrious is here. used in its 
Negro sense. Most of the men will arrive broke 
and arrangements must be made to supply them 
rations until they have earned enough to take care 
of themselves. Experience shows that the negro 
works only enough to supply himself with the 
bare necessities of life, so he takes many holidays. 


but with indifferent success. In the cases that 
have come under my notice the two classes of 
labor were worked together and this method will 
probably never yield good results. Should a job 
be handled entirely by foreign labor, the camps 
designed to suit their tastes and the commissary 
stocked with the supplies such men are accus- 
tomed to a solution of this problem might be 
found. 


TEMPORARY Masonry CENTERS were used for 
putting in the arch of a short section of the 
Simplon tunnel where the pressure of the ma- 
terial above was too enormous for ordinary 
wooden timbering. It was found more conveni- 
ent to put in the masonry centers than to try to 
set up equally strong steel centers in the very 
confined space available for the operation. 


the length will be increased about 125 ft.by an ex- 
tension beyond the caisson. The concrete will be 
of very massive construction and will have a max- 
imum thickness of 11 ft. 9 in. on the bottom and 
about 17 ft. at the base of the side walls. It will 
be made 1:3:6 except for 2 ft. nearest the bottom 
where it will be 1:2:3, the interior surface being 
finished wjth 2 in. of granolithic concrete. An 
18-ft. gauge track will be constructed around the 
sides and inner end of the dock for a 40-ton loco- 
motive derrick. The inner rail of the track will 
be carried on the dock walls, the outer rail will 
be carried on a separate concrete wall 8 ft, deep 
and 3% ft. wide at the base, supported by a double 
row of piles. 

The principal quantities involved in the con- 
struction of the dock include about 160,000 cu. 
yards of excavation, 9,000 bearing piles, 50,000 cu. 
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yards of concrete made with Alpha Portland ce- 
ment and 175,000 ft. b. m. of best white oak tim- 
ber for bilge and keel blocks, etc. The $757,800 
contract for the construction of the dock was 
awarded on February 7, 1905, to Mr. G. B. Spear- 
in, New York. Preliminary operations at this site 
were commenced February 22, 1905, and it is re- 
quired that the work should be completed on Aug- 
ust 7, 1908, thus allowing 42 calendar months for 
its execution. 

It was recognized at the outset that the con- 
ditions for the construction were very difficult and 
preparations have been carefully made to provide 
for all the troubles, delays and obstructions that 
could be foreseen. A set of 13 test holes were 
jetted down to make a preliminary exploration of 
the soil in different parts of the site. Two or three 
of these encountered obstacles and were practical- 
ly useless, the remainder of them were carried 
down to a depth of 80 or 90 ft. below the sur- 
face and from their general indications it was in- 
ferred that the average stratifications was Io ft. 
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distance of go ft. beyond each side of the finished 
dock and to restrict his operations entirely to the 
limits thus defined. He built the fence and re- 
moved the buildings enclosed by it, some of which 
included brick work 20 ft. thick horizontally. 
There was also crossing the site a 72-in. brick 
sewer belonging to the city system. A by-pass was 
therefore built for this around the shore end of 
the dock and supported on piles 4o ft. long driven 
to a refusal of 12 in. under the last 10 blows of the 
hammer, and cut off 12 ft. below the surface of 
the ground or about 7 ft. below mean high water. 

It was also necessary to build a line of two 42- 
in. cast-iron mains for a condenser system in an- 
other part of the navy yard. For this purpose the 
first operation was the excavation of a trench 12 
ft. wide and 20 ft. deep. This was sheeted in the 
usual manner with 4-in. tongue and groove sheet 
piles driven by hand. The bottom of the trench 
penetrated just below the upper surface of the 
stratum of quicksand, which caused much diffi- 
culty. The outside pressure bent in the thick 
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very serious one. It has been solved by a de- 
cision to keep only about one-third of the total 
amount of cement required at the site and to store 
there only a comparatively small quantity of sand 
and stone, which will be reserved for emergencies, 
while the bulk of these materials will be delivered 
on scows at the water front opposite the dock and 
will be taken directly from them as used. 

The limited area was considered inadequate to 
afford space for the tracks of an excavator plant 
traveling parallel with the axis of the dock. A 
novel arrangement was therefore devised and con- 
sists of a pair of special Lidgerwood traveling 
cableways of 773 ft. and 810 ft. spans with their 
tracks at right angles to the axis of the dry 
dock. Both of the head towers travel on the same 
track at the shore end of the dock and clear of 
it; they must therefore always remain in the same 
relative position and cannot pass each other, a 
condition which is not considered objectionable. 

The tail towers. have separate tracks as near as 
possible to the water front, between it and the 


View Showing Character of the Excavation for the New Dry Dock in the Brooklyn Navy Yard. 


of fill and miscellaneous substructures, 15 to 20 ft. 
of hard blue clay, 2 to 5 ft. of quicksand and below 
it alternating layers of different thicknesses of 
sharp sand and gravel of varying size. The depths 
of this strata below the surface of the ground are 
apparently very irregular, that of the quicksand 
varying from a minimum of about 20 to a maxi- 
mum of 50 in a horizontal distance of about 300 ft. 

This site has been used for many years by the 
navy yard and successive structures have been 
built and removed there, leaving numerous wood- 
en and masonry foundations buried in all parts 
of the site, many of them massive and large 
enough to very much impede the excavation, The 
quicksand was also known to be of especially 
troublesome character, as is illustrated by the fact 
that the excavation for dry dock No. 2, caused a 
deep subsidence of the surface over 50 ft. distant 
from the edge of the pit. 

The contractor found the site occupied by two 
large two-story brick buildings with slate roofs 
and by several smaller corrugated iron buildings, 
a paved roadway and other obstructions. 

According to the conditions of the contract he 
was required to enclose the site by a fence lo- 
cated, as shown on the plan by dotted lines at a 


sheeting below the bottom ranger and cross braces, 
which were only 3 ft. above their lower ends. A 
ditch was dug along each side of the trench close 
to the feet of the sheet piles and the water col- 
lected in them was pumped out of a 75-ft. length 
of trench by one 6-in. Cameron pump. This was 
sufficient to keep the water and quicksand down 
long enough for the foundation piles in the trench 
to be cut off at the required level, capped and 
decked with timber, and a concrete footing to be 
laid on the latter. This work was all done as 
rapidly as possible and after its completion no 
further trouble was experienced by the quicksand 
at this point. 


Allowing a slope of Y% to 1, for the sides of the - 


excavation for the dry dock itself, which will have 
a total depth of about 52 ft., it is seen that the 
space on each side of the dock inside the fence is 
at the best reduced to but little more than 60 ft., a 
portion of which must be kept unobstructed for 
transportation. Few engineers would, however, be 
willing to trust such steep banks in soil of this 
nature, and it is seen that the space allowed for 
contractors’ operations is extremely limited and 
that the question of storage for the large quanti- 
ties of materials required on the work became a 


entrance of the dock, and clear of the latter on the 
site of the dock entrance, which, by the require- 
ments of the contract, must be left undisturbed 
until 90 per cent. of the dry dock is completed, 
when the contractor will be allowed to build there 
the entrance construction. This arrangement is 
made in order to provide for the maintenance, as 
long as possible, of the navy yard roadway along 
the water front. The tracks of the tail towers are 
arranged so that the river-side trucks of one tower 
run on the same rails as the in-shore trucks of the 
other tower, thus allowing the relative positions of 
the towers to be offset and enabling them to serve 
both angles of the water front. The line of the 
water front makes an obtuse angle opposite the 
site of the dry dock. 

Each cableway is equipped with a Hayward two- 
yard orange-peel excavating bucket of extra heavy 
construction, which is operated entirely from the 
head tower. It descends to the bottom of the ex- 
cavation, fills itself, rises and is traversed to the 
water front, dumped into a scow, and returns for 
another load without any attendance other than 
that of. the operator at the engine. In order to 
provide for this service the tail towers are of 
special construction with a cantilever projecting 
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over the water, through which the bucket passes 
to dump into a scow beyond the tower track. 

Both cableways have been installed and in oper- 
ation for several months and under extremely ad- 
verse conditions have each excavated 400 cu. yd. in 
8 hrs. A large number of old foundations and 
other obstructions have been encountered in the 
pit, and have materially delayed the excavation, 
very greatly reducing the capacity of the cable- 
ways, among them are numerous stone and con- 
crete walls and piers, piles, and two large bulk- 
head or pier cribs built of timber and filled with 
stone. Excavation is carried around these and they 
are generally lifted out piecemeal by the bucket or 
chained to the cableway hoisting block. The cable- 
ways are at present excavating parallel pits on 
opposite sides of a large section of the old crib 
work and as considerable water is encountered, 
two sumps have been established, one on each side 
of it, which are drained by centrifugal pumps 
operated by General Electric motors. 

All of the excavation is to be made within sheet 
piling and careful consideration was given to the 
type adopted. Investigations were made and or- 
ders were successively placed with two firms for 
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an average of about 25 minutes to drive one pile 
without the use of an hydraulic jet, but the latter 
has recently been provided and will probably ex- 
pedite the driving. 

Obstructions under the surface have in two in- 
stances caused the piles to deflect as much as 2 ft. 
from the vertical and this divergence has been 
easily corrected by driving the six succeeding 


piles with narrower filler strips and beveled points, 


which allow each one to form a small angle in 
the joint. Special piles are provided for corners 
of the coffer dam, which will be built in three ‘suc- 
cessive sections, the piles being pulled and con- 
crete placed as the excavation proceeds. Other 
special piles are also driven in the sides of the 
coffer dam at intervals of 25 ft. They are pro- 
vided with connections at right angles so as to 
allow the construction of small enclosed coffer 
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united by a U-plate, which receives the riveted 
connections of adjustable tension bars engaging 
the platform of the ballast box, which is counter- 
weighted with 125 tons of stone. At the extremity 
of the cantilever there is a solid crosshead, built 
of heavy forgings and a horizontal beam made 
with a pair of 20-in. I-beams and cover plates en- 
closing a solid oak filler to which the end of the 
main cable is attached. Both longitudinal and 
transverse sills of the horizontal platform are 
trussed and the tower is mounted on four 4-wheel 
trucks. 

It is so rigid that when it was accidentally ram- 
med by the top masts of the U. S. despatch boat, 
“Dolphin,” it broke them off, but was not itself 
broken or overturned. The cantilever was de- 
flected laterally about 8 ft. and left with a perma- 
nent set of about 6 ft. It was not, however, found 
necessary to remove the distorted cantilever, and 
the members were straightened and the original 
main timbers were reinforced by packing the space 
between outer members, thus giving them a 14 by 
36-in. solid cross-section. 

Each cableway is equipped with a Hayward 2- 
yard extra-heavy orange-peel excavating bucket, 


Toil Towers Used for the Cableways at the New Dry Dock in the Brooklyn Navy Yard. 


the supply of special types of steel sheet piles, but 
in both cases the orders were eventually cancelled 
on account of the inability of the manufacturers 
to furnish them, due to delay in receiving special 
shapes from the rolling mills. A new type of pile 
was finally devised by the resident engineer, Mr. 
Bassinger, expressly to meet the requirements of 
the case and so that it could be manufactured at 
the site from commercial shapes easily and quick- 
ly obtained. 

It is made as shown in the sketch with channel 
bars of different widths fastened together, making 
a joint which has at first a clearance of about 4 
in. and is considered to be satisfactorily water tight 
after the wood has been swelled by the ground 
water. These piles are assembled at the site from 
ordinary 8-in. 1114-lb. channels, 3% x 5-in. spruce 
timbers and 12-in. 20%4-lb. channels in 50-ft. 
lengths secured together with single lines of 34-in. 
bolts 12 in. apart. Two rows of piles on opposite 
sides of the dock are driven simultaneously their 
full length by two Vulcan steam hammers oper- 
ating in ordinary pile-driver leads. It requires 


dams on the outside of the main coffer dam if it 
should become necessary to locate leaks and re- 
pair the coffer dam at any point without inter- 
fering with a considerable length of the piling. 

The cableways are duplicates except that the 
spans vary slightly in length. The main cable is a 
2Y%4-in. patent locked steel rope with an ultimate 
strength of 212 tons. It is carried by a traveling- 
head tower of standard design running on two 3- 
rail tracks, and by a traveling overhanging tail 
tower of special design running on two standard 
gauge tracks 37% ft. apart on centres. The tail 
tower is of special construction and essentially 
consists of a cantilever tower with an overhang 
of 37 ft. which projects beyond the wharf line and 
allows the bucket to travel through it and dis- 
charge to the dump scow. It is very strongly 
framed with heavy timbers and special steel ten- 
sion and anchorage rods with sleeve-nut connec- 
tions and screws or loop ends. The connections 
of the principal members are strongly made with 
steel gusset plates and through bolts. 

At the apex of the tower the inclined posts are 


which weighs empty about 9,000 Ib. and may carry 
a load weighing 7,000 lb. more. The cableway is 
equipped with a reversible engine having double 
cylinders of 14-in. diameter and 18-in, stroke. It 
has three tandem friction drums each 51 in. in 
diameter with a 60-in. face grooved for %-in. 
plough steel operating lines, the ultimate strength 
of each of which is 34 tons. Each drum has a 
band brake and the levers are all assembled in a 


_vack at the rear of the engine. The upper drum 


holds the conveying rope which pulls the carriage 
back and forth on the cable. This line is in two 
separate parts, which are fastened to opposite ends 
of the drum and are wound in opposite directions 
so as to wind on and off simultaneously. The 
other two drums hold 7%-in. lines, one for closing 
and hoisting and the other for holding and open- 
ing the excavating bucket. 

When the cableway was installed the tracks for 
the overhanging dock towers were laid over an 
area paved with Belgian blocks. It was evident 
that the enormous stresses from the cable would 
produce a strong tendency for transverse motion 
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of the tracks on the pavement. To correct this a 
special system was devised to anchor these tracks 
into the pavement and distribute the stress 
throughout a large area of the latter. This was 
accomplished by removing ocasional paving stones 
or groups of stones and then building over these 
places continuous concrete walls about 2 ft. high 
and 4 ft, wide to receive and support the ties for 
the traveler track rails and distribute the load over 
the surface of the ground, the tie ends being em- 
bedded in concrete. In this manner the concrete 


was filled in the vacancies left by withdrawing the 
pavement blocks and thoroughly bonded or anchor- 
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\injurious to the scows which receive it. Heavy 
inclined aprons or chutes a few feet above the 
level of the ground have therefore been provided 
to receive the falling materials, thus spreading 
them out in a thinner sheet for delivery with less 
shock to the scows. For one cableway this apron is 
mounted on an independent framework movable 
along the dock face with the cableway. For the 
other cableway the apron is supported on a tim- 
ber bent that is normally blocked up on the edge 
of the wharf, but can be suspended from the over- 


hanging tail tower clear of the ground and moved ‘ 


with the cableway. Besides the machinery al- 
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ed the track to the pavement, a device which has 
proved very satisfactory. The cableway engines re- 
ceive steam at 125 lb. pressure through pipes con- 
nected by swinging joints to a 6-in. delivery main 
from the power house on one side of the lot. The 
power house contains three 125-h.-p. locomotive 
firebox boilers made by the Erie City Iron Works. 

The towers are moved by tackles anchored 
along the tracks with their lead lines operated by 
capstan heads on the tower engines; small hoist- 
ing engines being provided for this purpose on 
the tail towers. 

It was feared that the impact of 2 yards of 
heavy material being dumped from the excavat- 
ing buckets at a height of over 40 ft. might be 


ready mentioned the principal plant installed to 
date includes twelve r-yd. steel buckets, 3 Lidger- 
wood 3-yd. steel skips, 1 Hayward, 2-yd. clam 
shell bucket and 1 Ransome coftcrete mixer be- 
sides the ordinary miscellaneous plant and tools 
necessary for such work. 

The work is being executed under the direc- 
tion of Mr. R. C. Hollyday, chief engineer of the 
Dock Department in the Navy. Vata Miree)suo. 
Bassinger is the engineer in charge for the con- 
tractor and the cableways were designed by Mr. 
Frank B. Knight, one of the engineers of the 
Lidgerwood Manufacturing Company, who built 
and installed them. The construction is one of the 
most difficult works in progress in New, York. 
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Erection of the Upper Part of the Trusses of 
the Island Span of Blackwell’s 
Island Bridge. 


After the lower part of the island span of the 
Blackwell’s Island bridge has been completely 
erected up to the center points of the vertical and 
diagonal posts the remainder of the steel, which 
comprises about 5,000,000 lb., exclusive of towers 
and is approximately 1/3 of the total weight o 
the span will be erected by a pair of Z-shape tow 
ers that will afterwards be used for the simultane- 
ous erection of the cantilever arms of the channel 
spans. The lower part of the island span has al- 
ready been nearly erected by the single No. 1 
traveler already described which consists essen- 
tially of a horizontal platform and two stiff-leg 
boom derricks. The first No. 2 traveler has al-} 
ready been partly erected on the upper deck of 
the span between panel points 63 and 65, and the 
other traveler will be erected as soon as prac- 
ticable between panel points 59 and 61. 

These travelers were illustrated and described 
in The Engineering Record of March 18, 1905. 
Each consists substantially of a 36x4o-ft. riveted 
steel tower 124 ft. high with trussed extended 
base 86 ft. long and an overhead forward truss. 
extension of 63 ft. The base provides a rigid 
horizontal platform supported at each corner on 
4-wheel and 6-wheel trucks traveling on stand- 
ard gauge tracks 40% ft. apart. The platform is 
counterweighted by hoisting engines, boilers and 
supplies in the rear which aggregate about 70 
tons. When the traveler is in service its sta- 
bility is increased by blocking under the cantilever 
ends of the transverse sills which thus extend the 
base to a total width of 54 ft. and by anchor- 
ing it to the completed steel work with 
powerful sets of adjustable clamps. 

The upper part of the traveler and the over- 
hang are provided with transverse horizontal plate 
girders projecting 20 ft. each side of the tower 
to carry clear of the highest part of the per- 
manent superstructure, several lines of longitudi 


four 


nal steel jigger beams from which will be sus 
pended many tackles in the vertical plane of the 
trusses with 


capacities or from 5 to 4o tons 


each. They, together with auxiliary tackles sus- 


pended from inner lines of jigger beams and di- 


rectly from the transverse girders will serve for 
direct handling of members of the truss and brac- 
ing systems. One of the 65-ton stiff-leg boom- 
derricks, like that previously described for the 
unloading service, will be mounted on top of the 
traveler to handle some of the heaviest members 
of the island and cantilever trusses. 

The traveler will weigh about 400 tons without 
its rigging and about 550 tons when full rigged 
and equipped with one special 6-spool hoisting 
engine and one standard 8-spool hoisting engine. 
It will require a force of about 60 men to oper- 
ate it. The heaviest piece which it will be re- 
quired to handle weighs about 80 tons. On the 
island span the traveler will assemble one main 
panel of the truss in each position and can be 
moved from one point to the next in about 2 
hours. 

Great care was taken in designing the traveler 
and in proportioning it for the heavy stresses, 
and for the eccentric loads, wind pressure and 
reactions involved by the very heavy members 
to be delivered. One of the most interesting fea- 
tures is the construction of the trucks. Those 
at the foot of the forward columns are quite 
elaborate and are practically double, being made 
as shown in illustration with two sets of longitudi- 
nal sills each having two pairs of double flange 
wheels. Each sill receives two pedestals, pin 
connected :to’ shoes at the opposite ends of two 
transverse girders. The latter carried a massive 
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framework receiving the base of the vertical post 
and providing for the equal distribution of its 
loads on each of the eight wheels supporting it. 
The trucks supported the rear end of the traveler 
platform although massive, are of such simpler 
construction and have four single-flange wheels 
each. The longitudinal sills in which these wheels 
are set are provided with rigid bolsters to which 
the transverse loading girders are web connect- 
d. The travelér was erected up to about the 
niddle of the tower by means of two 60-ft. 10- 
ton derrick booms temporarily rigged to vertical 
posts in the main trusses which served as masts 
for them. The transverse trusses in the lower 
part of the traveler were assembled together com- 
plete on the surface of the ground and _ hoisted 
by the two booms together. The other mem- 
bers of the traveler were hoisted and assembled 
to them separately. The upper part of the trav- 
eler has not yet been completed, but it is intended 
to erect it by means of a stiff-leg derrick seated 
on the temporary platform built on the transverse 
struts at a height of about 60 ft. above’the foot 
of the traveler. The additional derricks will be 
used for building out the overhanging trusses. 

The lower chords of the island span are mas- 
sive compression members about 7 ft. wide x 4 
ft. deep made with four lines of heavy webs, 
and possess great rigidity and transverse strength. 
Their lower surface is in the same plane as the 
bottom flange of the floor beams to which they 
are rigidly connected. During erection they are 
supported on the tops of four riveted rectangular 
pedestals about 3 ft. high, symmetrically arranged 
about 2 ft. apart.in the clear on the top of each 
falsework bent. The elevation of the chord is 
adjusted by means of steel shim plates inserted 
between the tops of the pedestals and the chord 
lower flange cover plate and may be varied to cor- 
respond with settlement of the falsework which 
was anticipated or to modify the camber and fa- 
cilitate driving the truss pins. In order to do 
this, special girders about 8 ft. long and 15 in. 
deep can be set transversely under the chords be- 
tween the pairs of pedestals and supported on 
pairs of hydraulic jacks. Eight 500-ton and six 
250-ton hand-pump jacks have been provided and 
with them it will be easy to lift the chords suffi- 
ciently to enable the shims to be removed and 
others of different thicknesses substituted in their 
place. 

It is intended to commence the erection. of the 
upper parts of the trusses at the center of the 
span where materials will be hoisted from the 
storage yard by a special 65-ton boom derrick 
seated on the elevated floor and delivering to 
cars on material tracks on the cantilever brack- 
ets of the lower floor parallel with the axis of 
the bridge. These cars will take the members 
traveling outside the trusses to a point where they 
will be hoisted to position and assembled by the 
tackles suspended from the jigger beams. The 
travelers will move simultaneously in opposite 
directions and will finish the erection at piers I] 
and III, where the last pieces to be erected will 
be the upper parts of towers. at panel points 57 
and 75. 

These towers are over 185 ft. in extreme length 
and when erected they will be vertical, as is 
required in their ultimate position in the com- 
pleted bridge. At the time of their erection 
the island span will be temporarily distorted on 
account of the lower chord being assembled with 
a reverse camber to provide for the stresses de- 
“veloped later in the erection of the cantilever 
arms. This condition will displace all of the 
members of the truss and will make it necessary 
to move the upper end of the tower about 7% in. 
out of plumb towards the center of the span in 
order to have the pinholes in the tower and top 
chord bars match and enable pins U-57 and U-75 
to be driven. z 
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It is proposed to secure this temporary de- 
flection of the tower by bending the upper por- 
tion, its great length making it possible to do 
this without a stress exceeding the elastic limit 
of the material. Powerful tackles will be attached 
to the upper end of the tower and the reaction 
will be provided by a special horizontal tem- 
porary strut reaching from C-57 at the middle of 
the post to C-58. This strut will be provided 
with pockets at one end in which a pair of 7o0- 
ton hydraulic jacks will be placed in a horizontal 
position and provide for adjustment and pressure 
requisite for any reaction. The post will thus be 
held firmly with powerful forces in opposite di- 


rections and will at all times be perfectly con- 
trolled. 

The top chofd pins, 16 in. in diameter and 
nearly to ft. long, will weigh as much as 6,500 
Ibs. each and will engage a maximum of about 4o 
eyebars besides the vertical and diagonal posts. 
As the clearance of only about 1/50 in. is al- 
lowed it will be very difficult to drive these heavy 
pins 200 or 300 ft. above the ground. A ram 
such as was recently described for the lower 
chord pins would be difficult to handle and would 
require special provision for its suspension and 
special platforms for its operation. It was, there- 
fore, decided to provide new and special methods 
for making the top chord ‘connections and the 
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pins will be driven by pressure instead of by im- 
pact. A riveted framework will engage all of 
the members at the panel point, and is provided 
with means for clamping them strongly togeth- 
er. It will have integral with it horizontal trusses 
projecting towards the center of thetbridge which 
will carry a too-ton hydraulic jack with a hori- 
zontal plunger operated by a pump driven by 
pneumatic pressure. The whole apparatus will 
be suspended from the top of the traveler and 
can quickly and easily be put in position or re- 
moved. A narrow working platform protected 
by hand rails will be provided on each side of the 
hydraulic apparatus for the men who will oper- 
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ate it. The jack will be seated on a table pro- 
vided with adjustable reaction pins allowing it to 
be set in different positions corresponding to the 
varying lengths of chord pins. 

The rivets in the lower chord splices will be 
driven by a special yoke machine operated by 
pneumatic pressure. The machine weighs about 
20,000 Ibs with pin and will be handled by a bal- 
ance beam supported on a 4-wheel truck running 
on the two lines of inside stringers: nearest the 
truss. The truck will have cast iron turntable 
plates carrying a pivoted cast iron pedestal with 
vertical jaws through the upper part of which 
there will be a 2%4-in. horizontal pin serving 
as axis and fulcrum through the center of a bal- 
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_ ance beam or lever 20 ft. long. This will be made 
with a pair of 8-in. channels back to back with 
separators between them. At one end the riveting 
machine will be suspended from its center of 
gravity free to turn in any direction, and at the 
other end a U-shaped iron rod will be riveted to 
the webs to serve as a handle. This beam can 
revolve 360 deg. around its vertical axis and 
about 10 deg. each way from the horizontal arotind 
its horizontal axis. It can be operated by one 
or two men and provides for the quick and easy 
movement of the riveting machine. 

In view of the fact that the members compos- 
ing these trusses have been built as large as can 
be shipped on ordinary railroad cars, that it has 


been necessary to ship the largest ones in halves: 


\and field-splice them together, and that the hoist- 
ing engines, tackles and derricks have been de- 
signed especially for this work and have required 

_ the largest and heaviest equipment found in the 
market, it is evident that any material increase 
in both the span and capacity of the bridge would 
involve requirements that could not be met by 
existing appliances. Many of the devices would 
have to be of different designs and the units and 
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ture and erection of the superstructure was 
awarded to the Pennsylvania Steel Co., Mr. J. 
V. W’ Reynders, vice-president; Mr. Thos. Earle, 
superintendent of the bridge and construction de- 
partment; Mr. Fred W. Cohen, engineer of erec- 
tion, and Mr. L. N. Gross, general foreman of 
erection. The method and plant of erection have 
been described in the Engineering Record of 
March 4, 11 and 18, 1905. 


Rapid Plate Girder Erection with a Der- 
stick Car. 


An example of bridge erection which undoubt- 
edly makes the record for the most rapid work 
yet accomplished on long span plate girder via- 
ducts was very successfully carried out last win- 
ter by the American Bridge Co., of New York, 
in a portion of the double tracking of the New 
York, New Haven & Hartford R. R. The via- 
duct in question included fifteen 90-ft. deck spans 
of old lattice girder superstructure which were 
replaced by plate girders, two additional lines of 


‘plate girders being also erected ‘parallel to them 


for the second track. It was required that the 
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a girder and put it in place was only about 25 
minutes. The 30 girders for the 15 spans of one 
track were thus erected in seven days. As many 
as six girders were erected in a single eight-hour 
day. ‘The speed of erection was limited by the 
time required to deliver the girders and the neces- 
sity of handling them in the intervals between the 
frequent trains. 

The derrick car was designed to be simple, pow- 
erful, easily moved and quickly put in service, 
and had a sectional boom of 30 tons capacity 
which could be made 25, 50 or 75 ft. long as re- 
quired. The car was made entirely of steel with 
four heavy longitudinal girders and is mounted 
on two of the heaviest standard car trucks with 
capacities of 70,000 lb. each. It weighs about 
70 tons, and is provided with a locomotive gear 
enabling it to travel independently at speeds of 
4 or 5 miles an hour. The boom is easily un- 
shipped for transportation and when in service 
is operated from a heavy A-frame without a mast. 
It is equipped with a 2-drum, 4-spool Rawson & 
Morrison hoisting engine and a 50-h.-p. boiler. 

An auxiliary boom was rigged on each side of 
the A-frame and these were used for anchoring 
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sections would need to be so large as to be 
made and handled with difficulty. Many of the 
methods of the work could not be indefinitely 
extended and new ones would have to be de+ 
veloped involving very ‘elaborate and costly con- 
struction and operations and causing delay and 
hazard. It is evident from the experience gained 
on this work that the cost of erection per pound 
is much larger for very heavy work than for 
work of moderate weight; for instance, half a 
dozen 10-ton pieces can be handled much more 
quickly and. cheaply than one piece weighing 30 
or 40 tons, the former can be quickly picked up 
with simple devices while it may take several 
hours to secure the latter with special clamps and 
lock. It is therefore believed that the limit of 
size for economical erection under present condi- 
tions and existing types of machinery and plant 
is nearly or quite attained with the structure un- 
der consideration, and that if spans of materially 
greater combined lengths and capacity are to be 
built, it would be decidely advisable, from the 
erector’s standpoint, to make them with twin 
trusses reducing the dimensions of separate pieces. 

The bridge was designed and is being built 
under the direction of the department of bridges 
of New York. The contract for the manufac- 


erection should be completed by March 15, 1905, 
and when in the latter part of February it had 
not been commenced the railroad company ex- 
pected that the job would require several months, 
and believing that they foresaw a long delay, 
became very anxious. The bridge company had 
planned to erect the viaduct with a derrick car 
which they were making vigorous efforts to com- 
plete in their American shops. As soon as it was 
finished it was shipped from Pittsburg in a fast 
freight train at 1 P. M. and was received in 
Jersey City at 7 A. M., the next day. The car 
was immediately transferred to the work and 
commenced operations February 25, completing 
the structure ready for train service March to. 
The derrick car was seated at first on the new 
track, not yet under traffic, at one end df the 
bridge. The girders were delivered to it, without 
being unloaded from the flat cars on which they 
were shipped from the shops, and were in the 
intervals between trains brought alongside on the 
old track still in service. They were unloaded 
from the cars and set in their required position 
on their permanent seats by single operations, 
being handled by the 50-ft. boom of the derrick 
cart, which advanced on each span as soon as it 
was erected. The average time required to unload 


the derrick car against the heav eccentric loading 
required to lift the 32-ton girders from their 
positions on the cars 18 ft. beyond the center 
of the derrick car. A group of small girders 
weighing about 7 tons was attached to the hoist- 
ing tackle of one of the side booms and lowered 
to rest on the thick ice which at this time covered 
the river. The tackle was set up to nearly lift 
the girders and served to hold the derrick very 
firmly while handling the long girder. When 
the derrick car was advanced the anchor was 
hoisted by the main boom which carried it on 
the center line of the car until a new position was 
reached when it again lowered it to the ice and 
the falls of the side boom were set up without ever 
having been released from the anchor, thus mak- 
ing the operation of securing the derrick car very 
rapid and easy. 

The derrick car was operated by 15 men and in 
1s days erected over 1,000 tons of steel which, 
with the ordinary method, would have required a 
party of 25 men at least three months, thus ef- 
fecting a very notable saving in both time and 
expense. The derrick car was one of a set of four 
especially designed by Mr. S. P. Mitchell, C. E., 
chief engineer of the American Bridge Co., of 
New York. 
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ERECTION OF A REINFORCED CONCRETE FACTORY FOR 
THE BUSH TERMINAL COMPANY. 


The 75x300-ft. seven-story factory building for 
the Bush Terminal Co., in South Brooklyn, N. 
Y., has six reinforced concrete floors calculated 
for loads of 800. lb. per square ft. which are sup- 
ported on long-span reinforced concrete girders 
and circular columns of special construction, as 
described in The Engineering Record of January 
13, 1906. The design is special as regards the 
floor slabs which have a corrugated cross section 
eliminating the use of floor beams, and the col- 
umns are novel in that they consist of a mono- 
lithic stone concrete shaft hooped with spiral 
steel wire and enclosed in a thin shell of cinder 
concrete which serves both as a mould for con- 
struction purposes and as a permanent fireproof 
jacket, but is not relied upon to carry any load. 

All concrete except in the foundations was 


made 1:2:4 with Atlas Portland cement, machine 
The reinforcement in the 


-mixed and used wet. 
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the columns were seated on the falsework and 
acted not only as self sustaining girders of spans 
up to about 6 ft. clear, but also served as. sup- 
ports on which the moulds for the corrugated 
floor were carried, ; 

The girder moulds were of simple constructio 
built by the carpenters at the site. The moulds 
for the corrugated floor slabs were duplicated 
and were accurately made to,order in large num- 
bers at planing mills. Enough falsework and 
moulds were provided for one complete floor and 
were used over and over again with comparatively 
slight changes and repairs for the six upper 
floors, thus effecting considerable economy of 
labor and material besides having left at the 
completion of the work almost the total amount 
of still serviceable moulds. 

The cost of the falsework of this building was 
about 8 cents per square ft., equivalent to 10 
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and stored in piles which contained about 800, 
1,000 and 1,000 cubic yd. respectively. Cement 
was delivered from the same track and chuted 
to small houses with a capacity of about 1,000 
bags each. r 


The Ransome mixers were supplied with sand 
and broken stone by Ransome cylindrical dumping 
carts and they delivered concrete directly to the 
automatic dumping buckets of the Ransome ele- 
vators. The elevator buckets discharged to bins 
about 4 ft. above the successive floors, where the 
small quantities of concrete were stored sufficient 
for the constant supply of wheelbarrows which 
were loaded from them by scraping the concrete 
through a chute and gate. The barrows were 
wheeled on single plank on top of the floor moulds 
and dumped wherever desired, the concrete being 
carefully spaded around the reinforcement steel 
in the moulds. There were also two cage eleva- 
tors running between vertical guides and having 
7x20-ft. platforms suited to handling the 20-ft. 
reinforcement .trusses which were carefully ad- 
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girders which carry the floors and in those 
which distribute the column loads the 
pile footings is made with round steel bars with 
their ends bent upwards and hooked to insure 
superior grip in the concrete. They are securely 
wired to vertical shearing rods arranged accord- 
ing to the requirements of the stress diagram. This 
construction is completed in a shop where the 
reinforcements for the girders are systematically 
assembled and fastened so securely together that 
they virtually form independent trusses so rigid 
that they can be stored, transported, fastened in 
the moulds and will resist the ramming of the 
cement around them without becoming displaced 
or distorted. This property insures very positive 
and exact location of the steel in the concrete 
in the theoretical position shown on the draw- 
ings. It is considered to save time and systema- 
tize operations to a valuable degree and is a char- 
acteristic of the Bertine system of construction 
under which this building has been designed. 
The excavation and the construction of the 
foundation piers, footings and cellar floor were 
made by separate contracts and the erection of 
the superstructure upon them formed an inde- 
pendent contract. Operations for it were com- 
menced by setting the permanent column moulds 
in position on the finished cellar floor and enclos- 
ing them with falsework to carry the special 
moulds for the column tops. The deep rectangu- 
lar moulds for the longitudinal girders connecting 
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per cent. of the total cost of the buiiding, a pro- 
portion which was considered by the contractors 
excellent for this class of work. This 
estimate is based on the fact that about 50 per 
cent. of the centering is available for another 
building about to be erected. Special care was 
taken to design the falsework in such a way that 
the columns can readily be made first and that 
all important portions of the work follow in regu- 
lar sequence and can be under construction sim- 
ultaneously in different parts of the building. In 
this way the moulds for the first half of each 
floor were being removed from one end towards 
the center and carried up one story to be erected 
there in the same order while the second half 
of the same floor was being concreted from the 
center towards the opposite end. 

With a total force of about 150 men, the build- 
ing was constructed at the rate of one story in 
about eighteen 9-hour working days; about 3 
weeks were required to set all of the moulds 
for one floor and a maximum amount of 2,500 
square ft. of floor concrete was made in _one 
day, each mixer turning out 90 cubic yd. of con- 
crete, an amount limited by the rapidity with 
which it could be removed and put in position. 
Concrete materials were delivered on a standard 
gauge railroad siding running the full length of 
the building close to one side on top of a timber 
trestle about 12 ft. high, the sand, gravel and 
broken stone being all dumped through the trestle 


to be 


justed in position in the girder moulds and held 
by blocks and wiring. The lower rods of these 
trusses as well as the rods in the floor troughs 
were seated on small concrete blocks which had 
projecting anchor wires transverse to the moulds. 
»lhe reinforcement rods in the floor troughs are 
slightly longer than the floor panels and the ends 
overlap the longitudinal girders, alternating with 


“the bars in the staggered troughs in adjacent 


panels. ‘ 

In order to provide bolt holes in the ceiling 
for the convenient attachment of machinery, etc., 
horizontal I-in. tin tubes 4 ft. apart were set 
transversely in many of the floor moulds and re- 
main eimbedded in the concrete. 

After the column girders and floor moulds were 
filled with concrete to the floor level the upper 
surface was carefully floated and smoothed. Af- 
ter it had set about a week the cylindrical col- 
umn moulds in sections of about 30 in. long 
were distributed on it and one was set in each re- 
quired position, another was placed on it and so 
on until they were built up to the necessary height, 
their joints being made with cement mortar ap- 
plied with a trowel as for ordinary brick or tile 
setting. Each mould of the basement columns 
was centered around four 5<-in. vertical dowels 
which projected 2 ft. above and 2 ft. below the 
floor surface and served to bond the column in 
position. Above the basement these dowels were 
omitted. The moulds were each surroun ‘ed by 
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Exterior View of Building During Construction 


View Taken on Second Floor of Bush Terminal Factory, Showing Cylindrical Column Shells and Molds for Beams 


a skeleton frame-work composed of 4xq-in. ver- 
tical timbers connected by upper cross pieces on 
which the girder forms were seated as already 
described. 

The moulds for the wall columns or piers were 
rectangular wooden boxes made with tongue and 
groove vertical boards 1 in. thick. The boards 
on ‘ach side were fastened together with battens 


so as to make single panels which were erected 
separately. The panel in the outer face of the wall 
was first erected and was carefully plumbed. The 
other three were then assembled to it by means 
of horizontal yokes about 3 ft. apart made with 
3x6-in. side pieces united by half-in. bolts as 
shown in the cross section detail and the top of 


the mould was braced by 45 degrees laths in three 


directions, the inner laths being nailed to cleats 
bolted to the floor. 

All of the wooden moulds were thoroughly 
painted with petrolatum each time before they 
were used. The levels of the longitudinal girders 
were exactly adjusted by pairs of wedges under 
the footings of 4x4-in. verticals. The moulds for 
the main longitudinal girders had side pieces made 
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with pairs of 2-in. planks battened together to 
form complete sides handled as units, Triangu- 
lar fillets were placed in the bottoms of the moulds 
to chamfer the corners of the concrete beams. 
The moulds were supported at intervals of about 
6 ft. by intermediate vertical falsework posts with 
their tops bearing against 4x4-in. transverse bat- 
tens across the bottom boards of the moulds. 
About 2,000,000 Ib. of steel rods from %-in. 
to 1%-in. in diameter were required for the re- 
inforcement and were received in carload lots 
and stored in racks under a shed provided for the 
purpose. The main rods were ordered cut to 
length, but the rods for the vertical members 
were received in lengths of about 20 ft. and 
were cut as required. A shed was provided for 
the steelworkers and in it about I2 men were 
employed in cutting and bending the reinforce- 
ment rods and in fastening them together to form 
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the frameworks for the different girders, of which 
there are in all about 50 different patterns. 

All steel work was done by hand, the heaviest 
rods being bent by powerful compound levers 
to the simple shapes required. The lighter rods 
were bent with an eccentric geared lever pivoted 
to a cast iron plate and arranged so that a pin 
on the operating wheel revolved around a fixed 
point and bent the rod as desired, nominally shap- 
ing it to a template. In fact, however, the work- 
men became so expert that they bent the rods to 
the required curve with great accuracy without 
using the templates. The bending plate was set 
in a vertical position and was clamped to a 
skeleton table through its horizontal flange as in- 
dicated in the sketch. With it gne man could 
bent 3%-in. rods 180 degrees rapidly. The rods 
were cut with Manning, Maxwell & Moore shears. 

The reinforcement trusses were assembled by 
a regular routine which provided a simple and 
systematic method of handling them and enabled 
the workmen to become so expert that two men 
working together could complete many ordinary 
trusses in one day. The vertical posts and hori- 
zontal members of the skeleton framework of the 
shed formed a support on which the trusses were 


assembled. A pair of temporary horizontal rods, ° 


like a false top chord for the truss, was placed 
across projecting horizontal supports and on it the 
inverted U-shape stirrup rods with hooked lower 
ends were placed. The lower chord bars were 
then suspended in the stirrup hooks spaced ac- 
cording to marks made on the upper horizontal 
bar. The truss was held in a vertical position at 
the proper location by means of — spacing 
blocks and wedged clamps and the chord bars 
were forced downwards by means of saddles en- 
gaging the upper side which were clamped to a 
pivoted horizontal lever. The opposite end of 
the lever was raised and instantly hooked in po- 
sition to the framework of the shed so as to hold 
the chord bars sprung down under initial tension. 
The looped ends of the stirrups were then bent 
with special wrenches about 120 degrees so as 
to engage the chord bars and were afterwards 
hammered down to position and firmly wired. As 
fast as the trusses were completed they were re- 
moved to the storage yard and piled up with 
blocking in layers, making stacks several feet 
high of the different types of trusses. 
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As before stated the permanent fireproof moulds 
in which the columns were cast were made with 
sectional reinforced concrete hollow cylinders 
from 12 to 30 in. inside diameter, 114 in. 
thick and about 30 in. long. The first step in 
the construction of these shells was to wind the 
helical steel wire on a collapsible mandrel about 
4 ft. long which was mounted on a horizontal 
axis and turned by hand while the wire was also 
fed over it by hand under moderate tension. 
mandrel had a wooden shaft to which were at- 
tached 8 equi-distant radial wooden plates or 
diaphragms with theif outer edges forming ele- 
ments of the required helix. Two pairs of these 
diaphragms were made with a hinge joint near 
the outer edge parallel to the axis so that after 
the skeleton of the mould was formed on it they 
could be collapsed to facilitate its removal. 

After the wire was on the mandrel a sheet of 
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Column Shell Reinforcement 


expanded metal cut to the proper dimensions 
was wrapped around it with the longitudinal edges 
lapping a few inches and carefully wired together 
and wired to the helix at alternate points. This 
metal framework was removed from the mandrel, 
taken to the casting floor and centered inside 
a vertical cylindrical mould made of wood and 
lined with zinc. The mould was made in halves, 
keyed together with octagonal horizontal flanges 
at both ends. It was set on a horizontal platform 
and the space between the metal core and the 
mould was filled with 1:5 concrete made with 
fine cinders and Atlas Portland cement. After it 
had set 18 hours the moulds were stripped and 
the concrete shells were removed for storage 
or to be used in the building. The large shells 


The © 
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weighed about 150 lbs. each and were easily 
handled by a pair of wire loops attached to the 
helix and eventually embedded in the concrete 
of the column. 

This factory is one of 18 which are planned 
for the Bush Terminal Company, Mr. I. T. Bush, 
president and Mr. E. P. Goodrich chief engineer. 
Mr. R. F. Tucker was consulting engineer, Mr. 
William Higginson, architect, and Kirby, Petit, 
and Green were the designers of the exterior 
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Falsework Supporting Floor Moulds 


elevation. The Bush Company provided all ma- 
terials and the Turner Construction Company’ 


was the contractor for the labor and superin-, 


tendence for the work here described, which was 
executed under the personal supervision of Mr. 
DeF. H. Dixon, C. E. The detailed structural 
drawings were prepared under the direction of 
Mr. R. L. Bertine, C. E., and the reinforcement 
work was executed under’ the direction of Mr. 
P. E. Bertine. The reinforcement steel was bent, 
cut and assembled by the Roob Iron Works under 
the direction of Mr. M. T. Hamsley, who de- 
signed some of the appliances used. The steel 
was purchased from the Carnegie Steel Company 
and the cement was tested by the Pittsburg Test- 
ing Company. 
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_A Reinforced-Concrete Reservoir at Bloom- 
ington, Ill. 


An open, circular reinforced-concrete reservoir, 
with a capacity of 10,000,000 gal., has recently been 
built in connection with the water-works system 
of Bloomifgton, Ill. The water supply of Bloom- 
ington is drawn from twelve 1o-in. wells, go ft. 
deep, near a station containing service pumps 
which supply the distribution system under direct 
pressure. Several of these wells were sunk a 
number of years ago, the water being pumped 
from them and delivered into a conduit leading 
to a suction well at the pumping station by an 
air-lift installation. Prior to the construction of 

the reservoir and other improvements, the ‘sup- 
ply was occasionally inadequate for even normal 
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Cross Section of Wall and Forms for Building It. 


consumption. The fire protection afforded by the 
water-works system was entirely insufficient, as 
a stand-pipe 7 ft. in diameter and 225 ft. ‘hitch, 
which served principally as a pressure regulator, 
provided the only storage capacity. Furthermore, 
the distribution system being under direct pres- 
sure from the service pumps, offered an additional 
hazard. To increase the supply the old wells 
were overhauled, their strainers removed and re- 
placed, and several new wells driven. A new 
air-lift system was also installed and water can 
now be drawn from the twelve 10-in, wells and 
delivered to the new reservoir, which provides 
suction storage for the service pumps. 

The supply available from these wells under 
the former arrangement of practically direct draft 
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from them to the distribution system might have 
been great enough to provide for normal con- 
sumption, which is about 2,000,000 gal. a day. 
It was, however, entirely inadequate for fire pro- 
tection unless the excess flow obtainable during 
periods of low consumption could be stored. The 
land in the town and its vicinity is so flat that no 
suitable elevation was available for a storage res- 
ervoir which would supply the distribution 
system by gravity. For that reason a storage 


reservoir between the wells and the service pumps 
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the depth of the reservoir varying from 15 ft. 
at the wall to 25 ft. at the middle. The nearest 
point in the wall to pumping station and suc- 
tion well is 75 ft. from the former and 125 
ft. from the latter. The water drawn from the 
to-in. wells by the air-lift is delivered through 
a 20-in. pipe inlet to the reservoir, the wells being 
6 to 200 ft. from the inlet. A 24-in. cast-iron 
pipe leads from reservoir to the old suction well, 
where it is divided in two 18-in. branches, one 
of which is connected to the suction pipe of each 


Two Sets of Ten Sections of Wall Forms Approaching Closure. 
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was considered the most feasible arrangement. A 
portion of the only site available for such a 
reservoir at the station was formerly an old sand 
and gravel pit, and the site was also over a 
pervious stratum of sandy gravel. It was desira- 
ble that all the water should flow by gravity 
from the reservoir into the suction pipes of the 
service pumps, and at the same time that the 
height to which the water would have to be raised 
by the air-lift should not be excessive. To meet 
these conditions, the reservoir had ‘to be placed 
largely in excavation. 

The reservoir is 300 ft. in diameter and has a 
side wall 15 ft. high, vertical on the back and 
with a batter of 2 ft. on the front face. The 


surface of its bottom is a segment of a sphere, 


of the two direct-pressure service pumps. These 
18-in. branches and the’ suction pipes are fitted 
with hydraulic gate valves, so arranged that the 
pumps may draw either from the suction well or 
from the reservoir. A 16-in. overflow, set 1 ft. 
below the top of the reservoir wall, is provided. 
The maximum suction head on the pumps will 
be 26 ft. with the reservoir full. 

The design of the structure is so evident from 
the accompanying cross-section of the side wall 
and a portion of the floor that few explanations 
are necessary. The embankment around the reser- 
voir is within 4 ft. of the top of the side wall. 
The wall, which is 1 ft. thick at the top, and 3 
ft. thick at the bottom, is built with a footing 10 
ft. wide, having a toe on the inner side 4 ft. 


_ deep below the bottom of the resrvoir and 2 ft. 


wide. This footing is reinforced near the bot- 
tom with transverse 34-in. Johnson bars, 9 in- 
ches center to center. Every fourth one of these 
bars is 10 ft. long and is bent down into the 
concrete toe of the footing. The other bars are 
4 ft. long and have one end just inside the back 
of the footing. The footing is also reinforced 
near its upper surface on the water side by 34-in. 
bars on 6-in. centers. These bars are alter- 
nately 4 and 6 ft. long, and all extend 18 in. 
into the concrete under the wall. The wall proper 
z, is reinforced with vertical 34-in. bars near its 
” surface on the water side. These bars extend 
down into the footing, and their spacing is re- 
duced from 4 to 6 and then to 12 in. on centers 
from the bottom of the wall to the top, as shown. 
The wall is reinforced for temperature stresses 
near both faces by 34-in. horizontal bars. These 
are placed varying distances apart, depending on 
the liability of extreme changes of temperature, 
and inside the back face are omitted below the 
frost line. 

The wall is built entirely without expansion 
joints. The range of temperature to which the 
concrete in it below the water line will be sub- 
jected is comparatively slight, and will rarely, 
if ever, be brought about suddenly. If a sudden 
and great change should occur, the shape of the 
reservoir will assist in taking care of the stresses 
that will be set up. The floor of the reservoir is 
6 in. thick and is also built without expansion 
joints, the whole structure thus being practically 
a monolith. The floor is reinforced with a mat 
of %%4-in. round rods placed 6 in. on centers in 


both directions. 
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The wall has a fence on top built of 144-in. 
wrought-iron pipe posts, with two 114-in. hori- 
zontal pipes between the posts, and woven wire 
fencing strung on the posts and intermediate 
pipes. Sockets of 2'%4-in. wrought-iron pipe, 18 
in. long, were set vertically in the wall with 
their tops flush with the top of the concrete as 
the latter was laid. The posts are placed in these 
sockets and the space between the post and the 
socket poured with lead. The 1%4-in. horizontal 
pipes freely through branches of 4-way 
crosses, built in the posts; each of them is con- 
tinuous, the lengths of pipe of which they are 
inade being joined together with couplings. 

The construction of the>-reservoir was com- 
menced Aug. 20 last, and it was essential that 
the reservoir be completed and placed in ser- 
vice in the shortest possible time, at least before 
cold weather set in. The construction, therefore, 
had to be carried on as rapidly as feasible and 
at the same time the highest grade of concrete 
work had to be done, as the structiire was built 
under a guarantee to be water-tight for at least 
five years. 

While a concrete mixing plant was being set 
up and the concrete materials delivered, a Page 
scoop-bucket excavator was placed in operation 
digging the trench for the 24-in. connection be- 
tween the reservoir and the suction well. Before 
this built and set up, the 


pass 


excavator could be 
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,cars was erected over this track, within the range 
of the bucket, and 14%4-yd. Western dump cars 
were loaded through it with the material from 
the excavation, trains of 3 of these cars being 
hauled out to the spoil bank by horses. The ex- 
cavation, with the exception of a small portion 
of the strip carrying the track, was completed in 
this manner. This last portion of the strip was 
taken out in 1-yd. buckets which were filled by 
hand and hoisted over the wall by the excavator. 

The wall was commenced as soon as practicable 
after work had been started on the circular 
trench for it. The concrete mixing plant was 
set up outside of the site of the reservoir along 
a side track from the railroad. The concrete 
materials were delivered on the side track, ex- 
cept some gravel from the excavation that was 
used. A Foote portable continuous mixer was 


used in making the concrete for the wall foot- 


ings and the wall. It was mounted so it could 
discharge into dump cars on a service track laid 
on the ground. A double hopper was built up 
over the mixer, one compartment for sand and 
one for broken stone. The:end of a service track 
leading from the side track was laid on an in- 
clined trestle up to a floor level with the top of 
this double hopper, the materials being hauled 
in dump cars from the side track to’ the hopper. 
The service track from the mixer extended en- 
tirely around the wall, and io ft. from it, on 
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by the contractor which enabled the foreman, 
without the aid of an engineer, to set the necessary 
grade and reference stakes. A post, Io in. in 
diameter, was set very accurately and firmly in 
the ground at the center of the reservoir. This 
post was sawed off squarely on top so that the 
line of collimation of an engineer’s transit set 
on it without a tripod would be exactly at the 
grade of the top of the completed wall of the 
reservoir. A 200-ft. steel tape was used to meas- 
ure the radial distance from a nail in the center 
post to the posts of the back, or outside forms 
for the wall. In the form for the back face of 
the wall 2x6-in. posts, spaced one one-hundredth 
of the circumference apart, were set considerably 
in advance of any concrete work, and were made 
the basis of all measurement in building the forms. 
The forms as originally planned are shown in 
one of the accompanying illustrations. One or 
two slight modifications were made in actual con- 
struction by the contractor, in order to meet local 
lumber conditions. 

The wall, when started, was built continuously 
in both directions from the starting point. The 
back forms consisted of planks for lagging nailed 
to vertical posts, which were accurately set and 
firmly braced. The front forms were made in 
lengths equal to one one-hundredth of the cir- 
cumference of the reservoir, and when set up~ 
were fastened to the back forms. Twenty-one 
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trench for the footing of the wall had been dug 
by teams and scrapers, and finished smooth by 
hand with shovels. The excavator used is shown 
in one of the accompanying. illustrations. It con- 
sists of a 143-yd. excavator bucket mounted on 
the 50-ft. boom of a stiff-leg derrick. The bucket 
is a rectangular sheet-steel scoop, open at one 
end and partially open on top. It is swung from 
both ends, and the bottom of the open end is 
shod with a cutting edge. It is filled by being 
pulled along the ground towards the derrick plat- 
form by a hauling cable attached to the open 
end of it and to a drum on a hoisting engine on 
the platferm; it is lifted back out to the boom 
point by a hoisting cable when filled, the haul- 
ing cable being kept taut meanwhile by a brake; 
and is finally dumped by slacking off the hauling 
cable. The excavator is mounted on rollers and 
is moved backwards as the work progresses. 
The derrick boom can be swung through about 
240 deg. by a bull wheel and the bucket filled 
or dumped at any point within this range. 

When the pipe trench had been dug to grade 
the excavator was started on the first cut inside 
of the footing wall, the position of the excavator 
being at all times such that the bucket could 
be dumped outside of the completed wall. An 
80-ft. circular strip was taken out in this manner, 
the excavator working practically down to grade. 
A strip of earth wide enough to carry a service 
track had been left across the wall where the 
excavator came into the reservoir. A track was 
laid from the excavator along this strip of ground 
and across the wall to a spoil bank about 200 ft. 
from the reservoir. A trap for loading dump 


the embankment made there with earth from the 
trench for the wall-footing. The concrete was 
dumped from the cars on the service track to 
portable shoveling platforms near the point where 
work on the wall was in progress. It was. shov- 
eled by hand from these platforms to place in 
the forms, as the presence of the reinforcement 
bars in the narrow forms precluded dumping in 
large quantities. The footing was built without 
forms up to the right-angle joint between it and 
the base of the wall at the front, and to the top 
of the 45 deg. slope on its rear face. A layer 
of concrete 2.5 in. thick was first placed in the 
completed trench. The reinforcement bars near 
the bottom were then laid on this green concrete, 
the vertical bars near the front face of the wall 
usually being erected at the same time. The con- 
crete in the toe of the footing and in the foot- 
ing proper up to the top layer of reinforcement 
was then laid. After the top layer of reinforc- 
ing bars had been laid, the footing was completed, 
except for a top layer about 2 in. thick at the 
base of the front face of the wall and 15 in. 
thick at the toe of the footing. This left a strip 
of surface about 6 ft. wide, sloping at about 1 
in 6 from the wall toward the center of the reser- 
voir, and furnished the widest and best possible 
bond for the joint which had to be made when 
floor was laid. 

Location and Construction of Forms and Wall. 
—The design of the wall of the reservoir, although 
simple in itself, required unusually accurate work 
in the location and construction of the forms 
for it. The location was made with very little 
‘difficulty, however, by an arrangement devised 


The Scoop Bucket Excavator 


of these front form sections were built and all 
set up at once. Concrete was filled in between the 
front and back forms, starting at the central form, 
and was rammed in inclined layers, sloping, at 
about 1 on 6, both ways towards the end forms. 
This method was adopted in order that the con- 
crete might be laid continuously and without 
joints. The lagging of 1-in. boards on the ver- 
tical portion of the sections was nailed to the 
vertical posts, and was carried up just ahead 
of the concrete filling. 

When the concrete had reached the top of the 
central one of the 21 sections of the forms, and 
the concrete in that section had set sufficiently, 
the section was broken up and removed, leaving 
two sets of I0 sections of the forms. Subse- 
quently the other forms could be removed in 
turn as desired without being broken up. -As the 
filling in proceeded between the two sets of Io 
forms each, the form in each set nearest the start- 
ing point was removed, carried forward, and put 
in place at the other end of its set of forms. 
Twelve men were required to take down and 
transport one of the front form sections. 

In setting up a front form, its inner toe was 
firmly supported by a stake driven into the ground 
and by the horizontal board, nailed transversely 
under the bottom 4x4-in. horizontal stringers, 
which rested on the ground. The upper part of 
the form was then securely fastened to the 2x6-in. 
posts of the back forms by temporary wooden 
connecting strips, which were removed as the 
concrete filling was carried up. The sections of 
the front forms were also securely tied to 


; each other. 
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A facing of gravel concrete, rich in cement and 
‘with no pebbles larger than %-in. was placed on 
the front face of the wall, extending from. the 
back edges of the vertical reinforcing bars -to 
the surface. A sheet-iron plate, about 8. in. 
wide by 5 ft. long, was placed vertically just 
back of those bars. The concrete was shoveled 
in loose to the top of these iron plates, and 
then the mortar was poured in between the latter 
and the front face forms from buckets. The iron 
plates were next drawn by handles attached to 
them, and the mortar and concrete tamped to- 
gether before either had set. In making joints, 
the old concrete surfaces were always brushed 
and wet down, and, if necessary slushed with a 
grout of neat cement before new concrete was laid 
on them. 

‘ Construction of. Floor.—The excavation over 
the site of the reservoir floor was brought ac- 
curately to grade 6 in. below the surface of the 
finished concrete by hand after the scoop-bucket 
excavator had passed over. In making the exca- 
vation the levels were given on radial lines drawn 
from the ends of the 10-ft. sections of the wall 
to the center. A rod, on which the elevations 
of the subgrade at every 10 ft. from the wall to 
the center of the reservoir were clearly marked, 
was used in connection with a transit on the 
center post in locating the elevations of different 
points in the reservoir floor. By using this 
method the elevations required were easily found 
by the foreman in charge without the assistance 
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parts sand and 5 parts clean gravel, and stipu- 
lated that there should always be more than 
enough cement to fill the voids in the sand and 
more than enough mortar to fill the voids in the 
gravel. The proportions were varied, depending 
on the character of the available material and 
on the location the concrete was to occupy. The 
stipulations regarding the minimum quantities of 
cement and mortar were, however, always at 
least fulfilled. A 1:3:4 mixture of cement, broken 
stone and gravel was largely used in the footing 
and wall. The gravel was fine and contained 4o 
to 50 per cent .of sand; the broken stone was the 
crusher-run, with the dust screened out, and the 
maximum-sized pieces not larger than those 
which would pass a 2-in. screen. The mortar fac- 
ing on the front face of the wall was made of 
I part cement to 4 parts fine gravel, containing 
sand. Some grayel from the excavation was 
used in the concrete for the floor. This gravel 
was so fine that about one-quarter of it was 
replaced with broken stone and the mixture made 
1:6. Both faces of the wall were painted with a 
I:I mixture of cement and sand; the inner face 
was also painted with a 1:1 mixture of water- 
proof Star Stettin Portland cement and sand. 
The sidewalk finish on the surface of the floor 
consisted of 1:1% mortar. In order to insure 
good joints in the’ floor between work done at 
different times, the contractor estimates that be- 
tween 500 and 600 extra barrels of cement were 
used, 
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Fuel Purchase by Analysis. 


Power station fuel is purchased by an elec- 
tric lighting company on the basis of an unusual 
form of contract, described at the convention of the 
Northwestern Electric Association: After the 
coal is selected a chemical analysis is made of 
it, and a contract is drawn in which it is stated 
that the coal of the sample as delivered corre- 
sponds to certain chemical analysis, which is 
used for the purpose of identifying the coal in 
the future delivered on this contract. For in- 
stance, take a certain coal which costs $2.30 a 
ton, and the test shows 13,000 B.t.u., moisture 10 
per cent. and ash 8 per cent. The contract is 
drawn on the basis of $2.30 per ton, but if the 
coal varies in heat units the price is to vary ac- 
cordingly. The following is the method of de- 
termining the B.t.u. Take the original B.t.u. of 
the coal, 13,000, and if the moisture is ro per 
cent., deduct 1,300, which would leave 11,700, 
which would make the commercial B.t.u. of 
the coal as delivered. Now multiply that by 
2,000 lb. to the ton, which would give 23,400,000 
B.t.u. per ton.. As the price is $2.30 divide the 
number of B.t.u. per ton by that to find the B.t.u. 
for a cent per pound. Add the cost of removing 
the ashes at 50 cents a ton, making the basis of 
the contract in this case about 100,000 B.t.u. for 
one cent. On a 5,000-ton’contract an analysis 
of the coal is made once a week. The sample 
is taken by the regular method and analyzed 
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of an engineer. When-the work approached the 
center, the post was removed and the transit 
was placed on a portable pedestal which was set 
on points of known elevation on the finished cgn- 


crete. 


The slanting surface left on the ‘top of the 
footing inside the wall formed, together with 
the projecting reinforcement rods, an excellent 
bond between the concrete of the wall and that 
of the floor, when the latter was laid. A cir- 
cular strip of the floor, 16 ft. wide, was put down 
next to the wall first, and the remainder of the 
floor was laid according to the progress of the 
excavation. The lower 3% in. of the concrete 
was usually first spread out over an area 12 or 
16 ft. square, then the reinforcement was placed, 
and after that the top 2 in. of concrete and a 
¥-in. sidewalk finish surface were laid. 

The %-in. rods in the bottom are 6 in. on 
centers in both directions. They were in 12 
and 16-ft. lengths and were partly woven to- 
gether in mats before being placed. The rods 
in one direction were all laid out and woven 
with four or five of those in the other direction, 
the joints being tied with small wire. The re- 


‘maining cross rods were laid after the mat had 


been placed. The mats were overlapped 1 ft. 
This method of placing proved economical and 
efficient, giving at the same time something per- 
manent on which to lay the remaining concrete. 

Concrete-—Universal Portland cement was used 
exclusively for the concrete. The specifications 
required not less than 1 part Portland cement to 2 


Tests—The work being done under a guar- 
antee, the city authorities subjected it to some 
unusually severe tests. Almost as rapidly as the 
forms were removed the space between the back 
face of the wall and the bank was flushed with 
water. The excavator then dumped the earth for 
the remainder of the embankment into this water, 
the wall being given a 1o-ft. surcharge in places, 
10 days after the forms had been removed. Un- 
der this test, five places in different parts of the 
face of the wall showed dampness, or very slight 
exuding of water. The greatest seepage at any 
one place did not exceed one or two drops a 
minute. 

The advertisement for the letting of the con- 
tract for the reservoir stipulated that each bid- 
der should submit plans and specifications. Eight 
bids for as many different plans, were received, 
the bids ranging from $27,000 to about $54,000. 
The contract was awarded to the Crescent Stone 
Co., of Peoria, Ill., at $34,000, and the reservoir 
was completed by that company in a little over 
100 days. The plans and specifications were pre- 
pared by Mr. Dabney H. Maury, of Peoria, as 
consulting engineer for the contractor. 


A 3,000-Kw. Power Piant has been added to 
the municipal electric plant of Belfast, Ireland, 
to furnish current for the city’s electric rail- 
way. It will have three 1,000-kw. units, each 
having a vertical inverted three-crank triple- 
expansion engine running at 180 r.p.m. and tak- 
ing steam at 170 lb. pressure and 150° superheat, 


Front Face Forms, Completed Section of Wall 


and reported to the consumer, and the con- 
tractor. If the B.t.u. for one cent is lower than 
100,000, the price drops accordingly, and the 
price always bears the same proportion to the 
original contract price. The city of Chicago 
has canceled all outstanding contracts and let 
them on this basis, to the amount of 200,000 tons. 


Tuer Cost or Unpercrounp Ducts for light 
and power wires has been kept carefully at La 
Crosse, Wis., and was reported at the conven- 
tion of the Northwestern Electrical Association 
by Mr. W. D. Burford. The conduit was 4 or 
6-duct McRoy salt-glazed vitrified clay material, 
laid on 2xr2-in. hemlock planks treated with 
carbolineum. Cleats of 2x2-in. hemlock are 
nailed to the plank 4 in. from the joints; the 
conduit is laid on the cleats and the joints 
wrapped with wet muslin. An iron mold is then 
clamped around the joint and poured full of 
Portland cement grout. Two more cleats are 
placed on the top of the conduit, 4 in. on each 
side of the joint, and another 2x12-in. plank 
is laid on top of the conduit. Manholes, 5 ft. 
in diameter and 5 ft. deep, are constructed of 
8 in. of sewer brick. This work cost per foot 
25 cents for labor and 39 cents for material for 
a 4-duct conduit, 28 and 57 cents for a 6-duct 
conduit, and 45 and 65 cents for an 8-duct con- 
duit, exclusive of repaving charges. The hem- 
lock cost $20 per 1,000 ft. the cement $1.60 a 
barrel, conduit layers received 30 cents an hour 
and common laborers 17% cents, 
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The Atlantic Avenue Terminal of the Long 
Island Railroad. 


The new terminal station of the Long Island 
Railroad at Atlantic Ave. and Flatbush Ave., 
Brooklyn, replaces the former terminal at the 
same site, and, together with the electrification 
of the Atlantic Ave. line and the purchase of 
real estate involves a cost of about $15,000,000: 
The new structure will be of brick, concrete and 
steel, two stories high above the street, and will 
provide for elevated railroad and subway traffic 
only, no trains entering the terminal at grade. 
It will occupy an area of about 14 acres including 
the site of the old terminal and its adjacent yards, 
the latter being depressed below grade and cov- 
ered with a solid steel and. concrete platform 
which virtually affords a new street surface on 
which the two-story superstructure including the 
passenger station, a branch of the Brooklyn post 
office, and an express and baggage depot will be 
built. The terminal will be used entirely for pas- 
senger, baggage, express. merchandise, and mail 
purposes and will be operated in connection with 
the new depressed freight yards a few blocks 
distant which are being built simultaneously 
with it, much of that work being executed in a 
similar manner by the same contractors. 


The magnitude of the work involved in con- 
structing the terminal, its relation to important 
traffic and business interests, and the conditions 
encountered which influenced the design and ex- 
ecution are more clearly presented by the fol- 
lowing requirements enumerated by Mr. J. V. 
Davies, chief engineer of the work: 

“(1) The operation of the terminal passenger 
business of the Long Island R. R. from an un- 
derground station below the property of the 
company at this point. 

(z) A thorough operating connection between 
the Long Island R. R. and the Rapid Transit 
Subway, contract No. 2, Brooklyn Extension, for 
eastbound and westbound through business, and 
at the same time, the arrangement and provision 
for transfer of business between the Rapid Tran- 
sit Subway and Long Island R. R. through trains 
at this point. 

(3) The provision for the operation of the 
express business of the Long Island R. R. This 
is to be handled in the underground station and 
cperated by elevators betwen the surface and the 
underground station on Hanson Place. 

(4) The continued operation of the meat busi- 
ness of the entire City of Brooklyn to and from 
the meat warehouses on Fort Greene Place. This 

will carry a separate structure for the passenger 
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Underpinning an Elevated R. R. Column 


Waterproofing ‘the Substructure Deck at Street Level 


terminal in conjunction with the meat houses of 
Armour, Swift, Nelson Morris Co., and the other 
packers. 

(5) The separation of the carload freight from 
the merchandise freight for local delivery. in 
the City of Brooklyn. This involves the con- 
struction of a merchandise freight house which 
it is proposed to build above the roof of the 
underground passenger station and elevated above 
the street level. The provisions of the Atlantic 
Avenue Improvement law provide for the re- 
moval of all railroad tracks, other than electric 
trolleys, from the surface of the street. We, 
therefore, propose to come in over this property 
elevated, and to build tracks and platforms for 
six stub tracks with platform facilities and ele- 
vators to lower and elevate the freight to and 
from the surface of the street. 

(6) The retention of the arrangement of 
through operation of electric service between 
the Brooklyn Union Elevated Railroad) (B. R. T.) 
and the Long Island R. R. Co., at this point. 

(7) The depression of the entire freight ter- 
minal (10% acres in extent, and extending 2,400 
feet in length from Vanderbilt Avenue to Fifth 
Avenue) into a big carload freight terminal with 
accommodation in standing tracks for 429 freight 
cars. This latter facility is one which has been 


VoL. 53, No. 9. 


vitally needed for the business of Brooklyn for 
several years. For three or four years past the 
Long Island R. R. Co. has been under the neces- 
sity of putting embargoes on deliveries to Brook- 
lyn on account of the lack of room to handle 
the cars, and this improvement, when completed, 
will give Brooklyn what it is in the greatest need 
of—a convenient freight terminal. 

In connection with this improvement, it is the 
intention of the Long Island and Pennsylvania 
Railroads to put Brooklyn onto the main line, 
making up through trains there for the south 
and west as well as for the New England States, 
to operate either through the tunnels or over the 
New York Connecting Railroad and the Astoria 
Bridge, and the work covered by this Improve- 
ment gives these facilities, which have never 
been possible before.” 


The sub-surface portion of the terminal has a 
depth of over 20 ft. below the street surface and 
is of an irregular shape approximately quadri- 
lateral, with extreme dimensions of about 1,100x 
480 ft., as indicated in the illustrations published 
in the supplement of this journal Feb. 10. The 
terminal is bounded by Hanson Place and Fort 
Greene Place at right angles to each other and 
by Atlantic Ave. and Flatbush Ave., which in- 
tersect at an oblique angle forming the opposite 


two sides and providing a curved connection at 
the narrow end of the yard with the main lines 
of the Long Island Railroad and with the freight 
yards which are here built in subway construc- 
tion similar to that of the New York Rapid 
Transit Railway. The Brooklyn Branch of the 
New York Rapid Transit Railway in Flatbush 
Ave. is tangent with the terminal and has com- 
munication with it adjacent to the passenger 
platforms of the Atlantic Ave. tracks. These 
tracks are branched to eight stubs served by two 
side platforms and two island platforms accessible 
by a passenger sub-subway from the Rapid Tran- 
sit station. In the triangular space between these 
platforms, Hanson Place and Fort Greene Place, 
there are six divergent sub-tracks and four sian 
platforms for the express and baggage service 
and one track for the service of a row of meat 
houses along Fort Greene Place. The remaining 
corner of the site is occupied by the heating 
and mechanical plant. The depressed structure 
is enclosed on all sides by a massive concrete 
wall and the platforms are of concrete with 
granolithic finish. Drainage is provided by ag- 
ricultural tile drains, along tracks, delivering to a 
sump, at which will be installed an electric pump. 

The roof or deck over the depressed portion 
will carry a separate structure for the passenger 
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station, post office, express station and for the 
elevated railroad station, the latter being utilized 
in the first story as a station and office for mer- 
chandise freight which will be handled by nine 
large elevators to the second story, three similar 
elevators being also installed in the express sta- 
tion. The deck between and around the build- 
ings will be paved so as to form practically a con- 
tinuation of the street surface and will. afford 
driveways up to 7o ft. in width between and 
around the buildings. The second story of the 
elevated railroad station will provide three cov- 
ered platforms from 400 to 480 ft. in length for 
the service of five stub tracks besides which there 
will be four storage tracks. Connections will also 
be made at this level for two tracks with those 
of the Brooklyn Rapid Transit Elevated Railroad 
on Flatbush Ave. with the existing station ad- 
jacent to the new terminal passenger station. 
The soil at the site of the terminal is of an 


a 
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tons more of steel. The work comprised in the 
original contract is now practically finished and 
the work on the extensions of it and in the de- 
pression of the adjacent freight yard will prob- 


‘ably be completed in about a year. 


The contractors were required to assure the 
safety of adjacent buildings and of the elevated 
railroad structure and to maintain uninterrupted 
service on the passenger tracks entering the ter- 
minal on Atlantic Ave. and for the freight track 
serving the meat houses. Operations were com- 
menced at a point in Atlantic Ave. midway be- 
tween its intersections with Flatbush and Fifth 
Ave. A pit was started here and from it an ex- 
cavation about 15 ft. deep and 60 ft. wide extend- 
ing from curb to curb was carried simultaneously 
in both directions for a total length of about 
400 ft. The excavation was made by pick and 
shovel, work being carried on at two full height 
transverse breasts, and the spoil being hoisted in 
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sidewalk and returned parallel with its former 
movement hundling the material excavated to 
enlarge the trench to a total width of 70 ft.. This 
portion of the pit was only excavated to a depth 
of about 1o ft. in order not to go below the old 
foundations of the elevated railroad columns. 
Pits from 8 to 12 ft. square were sheeted down 
12 or 18 ft. farther and in them were built in 
forms the offset concrete piers for the steel col- 
ummns carrying the street level deck. The steel 
columns and girders were delivered by cars on 
the Atlantic Ave. surface track under the ele- 
vated railroad and were unloaded by the steam 
derrick which had handled the excavation at that 
end of the trench. They were erected with a 
jinniwink derrick operated by hand and moving 
on top of the assembled beams and girders. 
In order to provide for the underpinning of the 
elevated railroad columns two sheeted pits each 
about 6 ft. square and 12 ft. deep were dug about 


Excavating, Concreting and Erecting Steelwork, Concrete Plant in the Foreground 


irregular character composed on the. Atlantic 
Ave. side, of hard compact drift with many large 
boulders cemented in the earth and loam so 
tightly as always to require excavation with a pick- 
Part of the soil on the opposite side of the termi- 
nal is of fine compact sand free from boulders, 
the remainder of it contains gravel and boulders 
to a depth of 12 to 22 ft. below which is clean, 
sharp sand. The surface being well above 
high tide level the soil is dry and no difficulty 
was encountered with water except from the 
surface or from sewers and pipes. 

The contract for the substructure for the termi- 
nal included about 160,000 cu. yd. of excavation, 
16,000 yd. of concrete, and 1,500 tons of struc- 
tural steel, but has since been extended to more 
than double the original amount by the change of 
plans and by the decision of the Railroad Com- 
pany to cover the entire area of the depressed 
yards, thus involving the addition of about 1,500 


steel 1-yd. buckets by derricks seated on top 
of the breast and moving backwards as the exca- 
cation progressed. The buckets were dumped in- 
to 30-yd. Rogers ballast cars hauled by locomo- 
tives on a standard gauge track adjacent to the 
side of the excavation. The cars were at first 
removed by the contractors who unloaded them 
with a Lidgerwood plough to make a fill at New 
Lots, afterwards the spoil was removed by the 
Long Island Railroad Company. 

This excavation extended to the south line of 
terminal where part of it was bounded by a 
heavy concrete retaining wall previously built by 
the railroad company. The rest of this.side was 
sheeted with 3-in. square edged planks. On the 
opposite side of the trench the earth was sloped up 
to the surface at about 60 deg. so as to avoid un- 
dermining the outer row of elevated railroad 
columns in Atlantic Ave. At the west end of the 
trench the derrick was moved transversely to the 


18 ft. apart in the clear on opposite sides of 
each column. In each of them timber cribbing 
was built up nearly to the original surface of the 
ground and on the cribbing was placed a set 
of six 24-in. I-beams, three on each side of the 
column. A 14x1I4-in. transverse timber was sup- 
ported on the top flanges of these beams on each 
side of and close to the elevated railroad column. 
Alternate rivets in the flanges of the H-shape 
column were cut out and through the holes thus 
left, long horizontal 34-in. bolts were placed 
which passed through the column and projecting 
beyond each web engaged on each side a 12xI2- 
in. vertical timber about 12 ft. long. These bolts 
being tightly screwed against bearing washers on 
the outer face of the timbers held them very close 
against the column faces and thus developed enor-.- 
mous friction there. The lower ends of the tim- 
bers were wedged against the upper surface of the 
14xI4-in, transverse timbers and thus transferred 
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the column loads through them and the steel 
girders to the cribbing. The earth was then ex- 
cavated between the cribs, the old column piers 
removed and new ones carried down below sub- 
grade. In some cases the friction pieces on the 
faces of the columns were omitted and the elevat- 
ed structure was supported by heavy timber tres- 
tles seated across the top flanges of the 24-in. 
I-beams and wedged up against the lower flanges 
of the elevated railroad girders so as to carry 
the structure directly, the elevated columns being 
suspended from their girders. 

Meantime the passenger traffic was carried on 
trestle falsework seated in the bottom of the 
trench and preparations were continued for com- 
pleting the steel deck beyond the line of the 
elevated railroad. A portion of it was made 
with long span steel girders supported partly on 
the, concrete retaining wall already mentioned and 
partly on columns on the opposite side of Atlantic 


Ave. These columns are seated on a continu- 


ous longitudinal footing wall, and the latter was 
built in a sheeted trench about 8 ft. wide so as to 
permit the erection of the steel work before the 
excavation was completed. Some of the elevated 
railroad columns were carried on new independent 
footings and others were supported by the new 
steel substructure of the terminal. When it hap- 


pened that the location of the elevated columns - 


coincided with those in the terminal, the latter 
were made double and received the former on 
their caps at street level. In other cases the ele- 
yated columns were carried on transverse beams 
or diaphragms connecting the webs of deep twin 
girders about 4 ft. apart which in turn were car- 
ried by special twin columns of the terminal 
substructure. In both cases the bases of the 
elevated columns and the supporting steel work 
were enclosed in a mass of solid concrete. As 
soon as the steel and concrete arch deck of 
the terminal substructure was completed the pas- 
senger tracks were transferred to it and the false- 
work trestles removed. Later the subway connec- 
tion was opened at the east end of the terminal 


and the passenger tracks entered at low level and- 


were served by temporary platforms communi- 
cating by stairs with a temporary frame build- 
ing waiting room constructed on the deck, which 
enabled the old passenger station to be removed. 

After the steel work was erected as above de- 
scribed 24-in gauge service tracks were laid, 
as required in the bottom of the excavation, and 
the remainder of the earth was excavated by 
hand to sub-grade, care being taken to save 
the boulders to be crushed for concrete. The re- 
mainder of the spoil was shoveled into steel buck- 
ets and taken on cars to convenient points where 
temporary openings had been left in the roof 
through wh'ch they were hoisted by derricks and 
emptied into the 30-yd. dump cars on tracks car- 
ried over the steel roof. 

On the Fort Greene Place side of the termi- 
nal the 320-ft. row of existing brick meat houses, 
two and three stories high, had cellars and foot- 
ings about 1o ft. below the surface of the street. 
These meat houses, which in the old terminal 
yard were served by the track at street level in 
the rear of the buildings, will be provided for in 
the reconstructed terminal by a track in the de- 
pressed yard, about under the old surface track. 
Each meat house will then have an elevator 
on the outside of the underpinning wall by which 
the meat will be raised to the street level. The 
excavation here extends to the rear walls of the 
house and is about 22 ft. deep, thus making it 
necessary to underpin the walls. 
' cavation was first made on this side of the termi- 
nal, and as it progressed the track serving the 
meat houses and about 25 ft. distant from their 
rear ends, was carried on falsework trestles seat- 
ed i nthe bottom of the pit, thus maintaining the 
freight service to the meat houses. A trench 20 


A to-ft. ex- 
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ft. wide and 10 ft. deep was opened between 


this track and the meat houses, and in it needle 
beams were placed through the rear walls of the 
houses. Another trench about 10 ft. wide and 
10 .ft. deep was then sheeted down under the 
walls of the houses, and in it was built a heavy 
retaining wall to enclose that side of the termi- 
nal, also to serve as a new foundation for the 
rear walls of the meat houses. ( 

About two months after the commencement of 
the work excavation was started on the Hanson 
Place side of the terminal which was sheeted 
down to sub-grade and braced by inclined shores 
as the earth was dug by hand and shoveled into 
one-yard Stuebner steel automatic dump buck- 
ets. These were delivered by cars on 24-in. 
tracks laid in the bottom of the pit to derricks 
which emptied them into the 30-yd. cars at street 
level. Along the street line forms were built of 
2-in. ‘horizontal planks with -heavy vertical pieces 
braced by one tier of 45-deg. inclined posts to the 
bottom of the pit, and by wedging against the 
sheet piling. In them was built in 50-ft. lengths 
the concrete retaining wall with a battered re- 
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roof was mixed by the sand machines’ which were 
occasionally moved as the work progressed. The 
concrete was delivered from the machines to the 
work in 1-yd. buckets carried on 24-in. gauge 
cars with tracks on the bottom of the pit or on 
the top of the steel work as was most conveni- 
ent. 

An important feature of the concrete work was 
the application to the floor, walls and roof of 
the Hydrex waterproofing. The concrete in the 
upper surface of the jack arches was carefully 
smoothed and coated with a specially made hot 
pitch to form a yielding joint between the con- 
crete and the waterproofing. After the pitch was 
cooled it was covered with three succesive lay- 
ers of Hydrex waterproofing felt laid in hot pitch 
and finally protected with 1 inch of cement mortar 
covered with a single course of red bricks laid 
flat and plastered with cement mortar. After 
this application was finished for the subway roof 
the latter was backfilled, tracks laid over it and 
the track traffic resumed. 

About 50,000 yd. of the excavation was accom- 
plished by machinery, but as it was impossible 


Concrete Mixer Set on Bracéd Sheeting 


taining wall of a maximum height of 30 ft. and 
width of 14 ft. at the base. The ends of each 
section were offset in 6-ft. steps emclosed by ver- 
tical transverse bulkheads, and expansoion joints 
were provided 30 ft. apart. These joints were 
in reality special sections of the continuous wall 
weakened so as to locate fracture at these points 
if it should occur anywhere through expansion 
and contraction. They were made by forming 
vertical holes in the wall from footing to coping, 
‘These holes were made with square cores 4 ft. 
long, tapering from 5 in. to 6 in. which were 
set with their diagonals 3 in. apart in the clear 
on a transverse line and were gradually pulled 
up as the concreting progressed. Concrete made 
1:3:5 with Giant Portland cement and a mixture 


of two parts of gravel with three of broken : 


stone was mixed wet in two Ransome mixers and 
in two Smith concrete mixers, one of which was 
operated by a General Electric motor. The con- 
crete machines were located on platforms about 
5 ft. above the tops of the moulds and deliv- 
ered to t-yd. end or side dump cars running on 
24-in. tracks supported on the” moulds. 
Concrete for the floors and jack arches of the 


at first to secure an entrance for spoil cars into 
the bottom of the pit the work was commenced 
by hand, as already explained. After the ex- 
cavation had been commenced on the Hanson 
Place side a Thew automatic steam shovel with a 
14-yd. bucket was brought over the completed 
steel roof on the north side of the terminal and 
was lowered down a 30-deg. incline to the bot- 
tom of the pit on the west side. It started digging 
a trench eastwardly parallel with and north of 
Atlantic Ave., the spoil being delivered by the 
steam shovel to 1%-yd. buckets hoisted by an 
overhead derrick and dumped into the large cars 
on the surface. Simultaneously a Lancaster exca- 
vating machine with a 1%-yd. orange peel bucket 
was operated farther east, digging a trench in the 
same line as the steam shovel so as to open com- 
munication as soon as possible with the subway 
tracks at the east end of the terminal. This 
machine delivered its spoil directly to the 30-yd. 
cars, at street level andexpedited the opening 
of the trench, which was immediately utilized for 
a loading track for spoil cars backed in from 
the subway. The steam shovel made a maximum 
record of 1,200 yd. in 10 hrs. Besides the plant 
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already mentioned there was installed an In- 
gersoll-Sergeant compressor to furnish air for 
the Chicago Pneumatic Tool Company’s riveting 
hammers, and a 10x1i6-in. stone crusher built by 
Julian Scholl, which had a capacity of about 
60 yd. of 1%-in. broken stone in 10 hrs. and was 
operated by an independent horizontal engine. 
Steam for the different machines was provided 
by separate boilers located in convenient places. 
The work was executed by an average force 
of about 330 men working one 10-hour shift 
daily. 

The terminal has been designed and its con- 
struction supervised under the direction of Mr. 
J. V. Davies, chief engineer, and Mr. George 
Sargeant, Jr., principal assistant engineer, who 
‘was recently succeeded by Mr. L. J. Carmalt. 


First Three Arches Completed. 
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Construction Methods at the Stone Bridge 
at Hartford, Conn. 


A handsome and imposing stone bridge across 
the Connecticut River forms an important portion 
of the $2,500,000 improvements now being made 
the Connecticut River Bridge. and Highway Dis- 
trict of Hartford. The bridge is built entirely 
of granite from the Leete’s Island and the Stony 
Creek quarries, and has a total length of 1,185 
ft., a width of 82 ft. over all and will accommodate 
electric cars, highway traffic and pedestrians. It 
contains eight semi-elliptical arches with spans 
varying from 119 ft. to 68 ft., the shortest spans 
being at the ends of the bridge and the increas- 
ing rises for the longer spans being successively 


Large Boulder in Caisson, Blow-Out Pipe in Background 


The work is being executed by the Degnon 
Contracting Company, N. Y., Mr. F. D. Fisher, 
engineer. 


An Unusuat Brince, 75 ft. long and 67 ft. 
wide, is now in course of construction at New 
Haven, Conn., from the designs of City Engi- 
neer Cassius W. Kelly. It is divided into three 
spans by bents of reinforced concrete columns 
capped with beams of the same material. These 
beams and the abutments carry I-beam stringers 
5 ft. apart which support a 6-in. concrete floor, 
reinforced in the bottom with Kahn bars and in 
the top with twisted rods. This concrete floor 
carries a vitrified brick pavement. The work is 


being done 
New York. 


by the Russell Contracting Co., of. 


arranged to provide for a continuous parabolic 
camber, giving the roadway a maximum height 
of about 50 ft. above low water. 

All of the original plans provided at one end 
of the bridge a Scherzer rolling lift span with two 
leaves made with segmental plate girder ribs har- 
monizing in their outlines with the’ arches, as 
indicated in the sketch published in The Engineer- 
ing Record of December 26, 1903. This was in 
accordance with the original requirements of the 
United States Government engineers, but even- 
tually it was concluded that the draw span was not 
indispensable and its omission has enabled the 
bridge to be constructed entirely with stone 
arches, thus contributing to its improved appear- 
ance. The piers are at right angles to the 
bridge axis and have a width corresponding to 
the lengths of the adjacent spans and varying 
from 16 to 4o ft. All of them have wooden pneu- 
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matic caisson foundations sunk to a depth of about 
50 ft. to bearing on a brown stone stratum. 
The work is of unusual interest on account 
of the attractive design, the excellence of con- 
struction, the great care taken in detailing and 
supervision, the installation of.a very complete 
and efficient plant and for some of the con- 
struction methods. The large timber caissons 
for the pier foundations have 12-in. walls and 
36-in. decks of solid yellow pine timber and are 
made integral with the permanent portions of thé 
coffer dams. They were successively built on a 
large pontoon, the two halves of which were after- 
wards separated on the center longitudinal line 
allowing the caissons to sink between them un- 
til they floated independently and were towed to 
position. The caissons were sunk by the aid of 


Laying Out Templates 


attendant scows and boats which provided the ma- 
terials and on which were installed derricks, con- 
crete plant, boilers, pumps, etc., as described in 
The Engineering Record of December 31, 1904. 
A complete plant was established by the contractor 
on shore and equipped with a power station, large 
Ingersoll-Sergeant air compressors, a number o7 
exceptionally large and powerful guyed der- 
ricks and other ordinary plant. A special fea- 
ture was the establishment at the site of a com- 
plete stone-cutting yard including a covered build- 
ing supplied with a traveling crane and equipped 
with a system of pneumatic stone-cutting ma- 
chinery. 

The brown stone stratum to which the pier 
foundations are carried was found to be bonded 
in layers pitching slightly toward the east. The 
layers were generally quite thin and were dressed 
to form steps in the working chambers in the 
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caissons which provided an excellent bed for 
the concrete and secured very good hold for the 
piers. In some places the rock when exposed 
showed small grooves usually running northeast 
and southwest, the surface being worn smooth 
by glacial action. Under the west abutment the 
stratum was of a peculiar formation with veins 
of very hard blue rock running northeast and 
southwest. These veins were in approximately 
vertical planes and were very distinctly defined 
“in the brown stone with which in some instances 
they gradually merged. Most of them were 
very narrow, from a small fraction of an inch 
to 3 or 4 in. wide. In one instance a vein that 
was apparently quartz ran through the blue stone 
across nearly the full width of the caisson. 
The pneumatic foundations are now entirely 
completed and the three arches at the east end 
of the bridge shown in the accompanying photo- 
graph have since been finished and their centers 
removed. During the construction of the piers a 
large boulder was encountered in the 46x131-ft. 
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commencing from the down stream side. The 
arch rings and ring stones were laid out full 
size on the unobstructed floor of a large loft se- 
cured for the purpose. On it were screwed down 
planed boards forming a rectangle large enough to 
enclose the largest arch and providing a perma- 
nent point from which longitudinal and’ trans- 
verse center lines were drawn for axes from 
which the points in the elliptical intradoses of the 
different spans were determined by means of 
ordinates 1 ft. apart laid out from marks located 
in the axes by lines intersecting on the heads 
of copper nails. The points in the curves were 
connected by thin strips of pine coincident with 
them which were sprung to make a smooth curve 
adjusted to the exact line of the intrados and 
lightly nailed to the floor, as shown in the ac- 
companying photograph where the curved strip 
is in position for a small arch and outside of it 
an ordinary template, made by the contractors, is 
shown in position for the lagging of an arch of 
longer span. 


caisson, and as it was sound and solid it was de- 
termined not to blast and remove it, but to leave 
it in position, thus forming a sort of cyclopean 
filling in the regular concrete footing. The bed 
rock was carefully cleaned, as shown in the pic- 
ture, and the boulder was also washed with 
brooms and a strong hydraulic jet after which the 
water used for this purpose was ejected through 
the rubber blow-out pipe shown in the back- 
ground. The boulder was carefully bedded in 
concrete, and concrete was thoroughly packed 
around it during the filling of the caisson. 
Great pains were taken by the engineer corps to 
provide abundance of accurate detail drawings 
and to systematize the operations so that records 
should be available for all important points. Each 
stone is shown in detail on separate planes and 


each has a reference mark corresponding with’ 


the drawings which indicate at a glance its po- 
sition in the bridge. The courses in the piers and 
abutments are lettered from the bottom up and 
each stone in every course is numbered. The 
piers are numbered from end to end and the 
arches are similarly numbered in the same direc- 
tion, the stones in each row being lettered, 


After the curves of the intrados had been fixed 
it was easy to divide it into the required spacing 
for the radial joints and to mark the latter on 
it at right angles. When this was done the joints 
between the voussoirs and the complete vertical 
elevations of these stones were marked on the 
floor and templates made from sheet zinc were 
cut to conform with them and fitted to position, 
as is also shown in the picture where they are 
marked with their reference numbers and _let- 
ters. This method of making the templates in- 
sured great confidence and was found very satis- 
factory. The details of cutting the templates 
were described in our previous article. 

The arches were built on centering made with 
several thicknesses of plank bolted together and 
accurately dressed to a curve parallel with that 
of the intrados as determined by the template 
already mentioned. They were braced at inter- 
vals of a few feet by inclined posts converging 
to the caps of several timber bents on falsework 
piles driven between the piers, as indicated in 
the photographs. 
6% ft. apart and carried narrow lagging strips 
parallel with the axis of the arch, on which 


The centers were spaced about . care in the design of the draft tubes. 


VoL. 53, No. 9. 


the stones were seated. The ends of the centers 
were connected by horizontal sills or ties, and 
they were supported from the corresponding lon- 
gitudinal pile caps by sets of oak wedges which 
were driven out in the usual manner to strike 
the centers which did not cause a settlement of 
more than 1/16 of an inch. 

Materials were delivered to the arches on small 
four-wheel cars on a service track carried par- 
allel with and close to one side of the bridge. 
They were handled by boom derrfcks seated on 
each of the piers and thus easily commanding 
the whole area of each span. All of the arch 
stones were very carefully washed when put in 
place and alternate ones were made longer than 
those adjacent to them and the spaces thus left 
were filled solid with 1:2:4 concrete leveled up 
to the tops of the headers. The radial joints 
between the voussoirs are 3-in. thick and are ac- 
curately determined by kiln-dried oak wedges 
driven between them at each corner and removed 
before the mortar set. When the keystones 
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Special Car and Bucket Used for Handling Con- 
crete onthe New York Foundations of the Manhat- 
tan Bridge < 


were set completing the arches, they were found 
to fit within 3/16 in. and consequently required 
no cutting. 

Mr. Edwin D. Graves is the chief engineer, Mr. 
Alfred P. Boller, consulting engineer, and Mr. 
Edmund M. Wheelright, consulting architect of 
the bridge. Messrs. McMullen, Weand & Mc- 
Dermott of New York, are the contractors for 
the work. 


THe Water TurRBINES of the municipal power 
station of Sofia, Bulgaria, are of 500 h.-p. when 
running at 400 r.p.m. with about 32 cu. ft. of 
water per second under a head of 175 ft. The 
penstock ends in a manifold from which a branch 
is taken to feed each turbine, this branch rising 
to the floor above and entering the end of a 
radial outside discharge wheel with horizontal 
axis. It will be noticed that this arrangement 
does not utilize all the fall of the water, owing 
to the upward turn of the turbine branches, which 
is counterbalanced to some extent by special 
Each tur- 
bine has a flywheel and is direct connected to the 
generator by a flexible insulating coupling. 


Marcu 3, 1906. 
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EXCAVATING AND CONCRETING THE NEW YORK ANCHORAGE 
OF THE MANHATTAN BRIDGE. 


The New York anchor pier for the Manhat- 
tan Bridge across the East River, which is be- 
tween the Brooklyn bridge and the Williamsburg 
bridge, and is officially known as bridge No. 3, 
is substantially like the Brooklyn anchorage pier, 
which was described and illustrated in The Engi- 
neering Record of December 17, 1904. It is not- 
able for being one of the largest structures of its 
kind in the world. It varies but slightly from the 
Brooklyn pier in dimensions and in the number 
and arrangement of piles in its foundations. It 
will be about 182 ft. wide, 237 ft. long and 160 ft. 
high, pierced with a large transverse archway 
for the passage of a street, and is to contain a 
number of spaces chambered out of the masonry 
so as to avoid unnecessary mass and concentrate 
the weight where it will be most effective. The 
foundation piles are 27 to 35 ft. long and at least 
14 in. in diameter driven to a refusal of I-in. un- 
der the last blow of the hammer. The principal 
quantities involved include about 38,800 yd. of 
excavation, 4,042 piles, 42,260 cu. yd. of concrete, 
57,675 yd. cyclopean masonry, 14,168 yd. of 


Material Tracks 


Conyeyer Platform 
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Sadd{and Stone Bins 
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tends west from the tower pier across an existing 
dock and through the street in an approximately 
straight line about 1,000 ft. to the shore end of 
the anchorage to which it is parallel on the 
north side and from which it is only a few feet 
distant. The trestle continues around the west 
and south sides of the anchorage so as to form 
a U, enclosing it on three sides. 

All spoil is removed and all materials are de- 
livered on this trestle. It has two standard gauge 
tracks rising to a summit on the main line near 
the shore end of the anchorage where the grade 
is about 35 ft. above the street. The tracks de- 


scend both ways at a maximum grade of 3:100, 
reaching the ground at the end of the trestle on 
the s. w. corner of the anchorage, and having an 
elevation of about 15 ft. above the dock at the 
tower pier. 


The trestle has framed bents of 12 
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ange peel and clam shell types, operated by five 
derricks with booms about go ft. long. They were 
on towers located just outside the limits of the 
excavation, one near each corner and one in the 
middle of the west or shore side. Each has a 
capacity of about 16 tons and together they com- 
mand the entire area of the anchorage. Each is 
rigged with six 7%-in, steel guys and with four- 
part topping and hoisting tackles of 54-in. plough 
steel rope, and has swinging gear, all operated by 
hoisting engines having three drums and two 
spools each, manufactured by the National Hoist- 
ing Engine Company. These derricks operated the 
excavating buckets and delivered the spoil to eight 
2%-yd. side dump cars made by H. J. McCoy. 
The maximum rate of excavation was 800 cu. yd. 
in 10 hours. The dump cars were hauled to the 
summit of the viaduct by a 3%4-in. steel cable 1,600 
ft. long on each track. Each cable passed over a 
sheave at the summit and thence down to a two- 
drum engine made by the National Hoisting En- 
gine Company, Newark, N. J. From the summit 
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Arrangement of Inclined Hoist at the New York Anchorage of the Manhattan Bridge 


granite facing and 7,063 sq. yd. of paving. The 
contract price of the work is $1,197,000 and the 
specifications require that it shall be completed 
in 450 days, commencing July 15, 1905. 

The bottom of the pit is at elevation — 12 at 
the river side and the average depth of excavation 
is about 22 ft., the piles being cut off at elevation 
—10. The soil consists generally of about to ft. 
of fill, 4 ft. of muck and then a deep bed of sharp, 
fine sand containing a little loam and some coarse 
sand. It has many deep pockets several feet in 
diameter, of quicksand, and there were found in 
its excavation many remains of timber and ma- 
sonry cribs and foundations and various inter- 
esting relics. ‘ 

A very complete plant was installed at the 
outset for excavating and handling the earth and 
sand and for receiving and storing materials, mix- 
ing concrete, putting it in place and laying the 
stone masonry. A double-track timber trestle via- 
duct with a total length of about 1,500 ft. ex- 


X 12-in. timber very strongly braced so as to make 
an unusually rigid structure. It is of special design 
having provision made between the two tracks 
and just below them for a 24-in. Robins convey- 
ing belt, manufactured by the Diamond Rubber 
Co., Akron, O. It is notable for its great length 
of 1,000 ft. on centers which reaches from near 
the shore end of the anchorage to the east end 
of the viaduct and beyond, across the top of the 
anchor tower, and is said to be longer than any 
similar belt before installed. In general the tracks 
are carried on wooden stringers, and the trestle 
bents are spaced about 15 ft. apart between the 
anchorage and the bulkhead line. Some of the 
bents are spaced much farther apart to clear the 
street and to provide more room underneath them. 
These spaces are spanned by lattice girders from 
45 to 60 ft. long previously used for the Brooklyn 
Elevated Railroad structure. 

The excavation was made with pick and shovel 
and by 1%4-yd. Hayward buckets of both the or- 


the dump cars in trains of three descend by grav- 
ity to the river end of the viaduct, being controlled 
by the cable which was operated by a brake. The 
cars are pulled back to the summit by the hoisting 
engine and thence descend to the required posi- 
tion alongside the anchorage pit by gravity. Near 
the river end of the viaduct the cars dump on 
an inclined cantilever apron to dump scows. 

Before commencing the excavation the pit was 
enclosed on all sides by 12-in. sheet piles from 
12 to 20 in. wide, which were grooved and splined 
and driven to — 26 by a Vulcan, steam hammer, 
sometimes asisted with a water jet. They were 
driven between two double rows of waling pieces 
which were bolted to a double row of outside 
bearing piles. 

The anchorage piers cut off a 90x20-ft. triangu- 
lar section from the end of the seven-story brick 
factory and warehouse building occupied by the 
Keating Pipé Company. This portion of the build- 
ing was vacated and the floors were shored up 
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from story to story by lines of interior vertical 
posts and sills in the undisturbed portion of the 
building. The condemned portion of the build- 
ing was removed and a pile foundation was driven 
just outside the limits of the anchorage, a new 
wall was built on it to receive the ends of the 
floor beams and the building was thus assured 
against undermining before excavation was com- 
menced. 

The foundation piles were driven without wa- 
ter jets by four drop machines having 3,500-lb. 
hammers in 45-ft. leads and by one 5-ton steam 
hammer and one 4-ton steam hammer. They 
were driven to a refusal of 1 in. at the rate of 
about 16 piles in to hr. for each machine. A 
moderate quantity of water was encountered and 
has been removed at a maximum rate of about 
2,500 gal. per minute by an 8-in. Sturtevant pump. 
Another centrifugal pump made by the Morris 
Machine Works has also been installed for emerg- 
ency, but it has not been found necessary to op- 
erate them both together. 

Besides the derricks serving the anchorage pit 
there is one derrick in the adjacent storage yard 
which has a 60-ft. boom, one on the tower 
foundation, and one on the dock near it, both 
with 45-ft. booms, and another on the shore near 
the bulkhead line, all of them being stiff-leg 
derricks operated by National hoisting engines. 

The derrick on the tower pier is equipped with 
a 114-yd. clam shell bucket with which it unloads 
coal, sand and broken stone from barges moored 
to the pier and places them in a 6-yd. elevated 
bin with a hopper bottom which is located near 
the center of the pier. A horizontal sliding gate 
in the bottom of the hopper delivers through a 
short chute to the conveyor belt by which the 
materials are carried nearly to the shore end of 
the anchorage where a tripper is arranged to 
dump them in any required place. The coal is de- 
livered at the rate of 300 tons in to hrs. and 
is dumped to a storage bin on the ground under 
the viaduct and the broken stone and sand are 
dumped into storage bins between the viaduct 
trestles which have capacities of 700 and 525 cu. 
yd. each respectively. Bags of cement are also 
sometimes delivered by hand to the river end of 
the belt and transported by it to the cement stor- 
age house at the shore end of the anchorage, but 
it has been more convenient generally to load 
them on skips and haul the latter on cable-cars. 
The storage house has a capacity of 18,000 bags 
of cement which are delivered to it by a chute 
through the roof at the rate of 3,500 bags in 
10 hr. 

The horizontal bottoms of the sand and stone 
bins are elevated about 6 ft. clear of the mixing 
platform on which there are two parallel lines of 
3-ft. track. One line is under the center of the 
two sand bins and the other is under the center 
of the two stone bins. Each bin has in the bot- 
tom a controlling gate through which its contents 
are delivered to measuring cars on these tracks. 
The gate has»a rectangular cast iron frame with 
the bottom closed by two pivoted segments of cyl- 
indrical surfaces which can be easily revolved to 
open or close by the links and levers shows in 
the accompanying detail. Pipes in these bins are 
supplied by exhaust steam to heat the sand and 
stone in cold weather. 

The standard stone measuring steel dump car 
has a capacity of 60 cu. ft. and is made with the 
bottom inclined at an angle of 30 deg. from the 
horizontal. The discharge is through a chute in 
front which is closed by a gate swinging on a hori- 
zontal axis at the upper edge and operated by a 
lever from either side or from the rear. The 
standard steel sand measuring car is of a different 
type and has a capacity of 30 cu. ft. Its bottom is 
inclined at an angle of 50 deg. and the contents 
are discharged through a chute on one side which 
is closed by a vertical sliding gate, the latter being 
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commanded by a lever from the end of the car. 

The sand and stone bins are arranged side by 
side, the two pairs being about 5o ft. apart in the 
clear on opposite sides of an inclined hoist. Each 
bin has a separate measuring car which is simul- 
taneonsly filled and pushed by hand to the center 
of the space between the bins where its contents 
are dumped to the charging ‘cars, two of which, 
for alternate use, are installed on an inclined 
track at right angles to the tracks for the meas- 
uring car. 

Each steel charging car has a capacity of 94 cu. 
ft. and is of special construction designed to con- 
form to the angle of the incline and maintain the 
upper edge of the car horizontal. The rear wheels 
have double treads one set in the plane of the 
front wheel tread and the other set outside, of 
it. Both front and rear wheels engage the in- 
ner rails of ‘the incline and maintain the car in 
position during its ascent. When the car reaches 
the top of the incline the forward wheels pass 
over the ends of the rails and the outer treads 
of the rear wheels engage the auxiliary rails of a 
wide-gauge extension to the track and elevate the 
rear of the bucket so as to discharge its contents 
into the hopper of the concrete mixing machine. 
All of these cars and the controlling gates were 
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manufactured by the G. L. Stuebner Iron Works, 
Long Island City, N. Y. 

The measuring cars are simultaneously filled 
with sand and broken stone from one pair of stor- 
age bins and are pushed by hand to the edge of a 
well at the foot of the incline. Their contents 
are discharged by gravity into one of the charg- 
ing cars while it is in the well at the foot of the 
incline with its upper surface just below the 
level of the platform. Alpha Portland cement 
is delivered from the ‘store house in wheelbar- 
rows and is emptied by hand into the charging 
car with the sand and stone in proportions of 12, 
24% and 49 cu. ft. for each batch. The charging 
car is drawn to the top of the incline by a Lid- 
gerwood hoisting engine, and is. automatically 
dumped into a hopper connecting with the Car- 
lin 3-yd. cubical concrete mixer. Water, and in 
cold weather, live steam, is admitted through the 
hollow trunnion according to the judgment of the 
operator; the machine is revolved 10 or 15 count- 
ed times and the concrete is discharged into 
Stuebner excelsior bottom-dump steel buckéts of 
63 cu. ft. capacity. 

The buckets are delivered by flat cars running 
on narrow-gauge elevated tracks along the north 
side of the anchorage pit and to several spurs 
at right angles to it. They are taken to the dif- 
ferent derricks and emptied by them as required. 
Eight of these buckets are provided and have 
been used very satisfactorily for the heavy service 
involved in handling the excavated materials as 
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well as large masses of stone, brick work, con- 
crete, etc. The installation of duplicate charg- 
ing buckets enables one bucket to be filled at the 
foot of the incline while the other is hoisted to 
the top, and thus allows the concrete mixing 
machine to be operated almost continuously with 
the result that as much as 500 cu. yd. of con- 
crete has been laid in 10 hr. 

About one-fourth of the concrete in the pier 
has already been made and it is expected that 
when the work becomes too high for the der- 
ricks, which are seated at elevation +24, they 
will be replaced by booms mounted on steel tow- 
ers permanently built into the anchorage ma- 
sonry somewhat in the manner successfully adopt- 
ed for the completion of the new Croton dam, 
as illustrated in this journal July 9, 1904. The 
concrete mixer is driven by a 25-hp Olney & War- 
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ren engine connected to it with a special patent 
sprocket chain made with malleable iron hook 
links. The chain engages a sprocket collar bolt- 
ed in halves to the “belt clutch with which the 
machine was originally equipped. 

The pile drivers have individual boilers and 
produce their own steam; all other steam used 
for pumps, engines, and other purposes on this 
work is generated in a battery of three 100-h.-p. 
locomotive boilers in a house built under the via- 
duct near its summit, and one 100-h.-p. boiler 
on the dock. Steam is distributed throughout 
the plant in about 1,600 ft..of asbestos covered 
mains from 2% to 5 in. in diameter. 

The work has been designed and is being con- 
structed under the direction of the department of 
bridges, New York City, Mr. James W. Steven- 
son, commissioner; Mr. C. M. Ingersol, chief 
engineer; Mr. O. F. Nichols, and Mr. R. S. Buck, 
consulting engineers; Mr. H. D. Robinson, engi- 
neer in charge, and Mr. G. G. Lewis, resident 
engineer. The contract was awarded Feb. 9, 
1905, to the Williams Engineering & Contracting 
Co., Mr. John Williams, President, and Mr. J. 
P. Heath, engineer, and Mr. William Walsh, mas- 
ter mechanic. The contract provides that the 
pier below the cables shall be completed in 450 
calendar days, and the remainder in 150 calendar 
days more. The work is now being carried on 
by an average force of about 100 men working 
single turn. During the time of excavation the 
force was increased to 200 men. 
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j William H. Brown. 


By Samuel R. Kirkpatrick. 


W. H. Brown, who, since June 1, 1881, has 
been chief. engineer of the Pennsylvania Railroad 
Co., retired on Feb. 28th. During the years he 
has been with the company he has been instru- 
mental in bringing the system up to the high stan- 
dard it has reached. He has not only madea name 
for the railroad, but he has established a repu- 
tation for himself which is possessed by few rail- 
road civil engineers. This retirement was not on 
account of ill health or the inability to continue 
at work, but was according to the rules of the 
Pennsylvania R. R. Co:, which compel an officer 
and employee who shall have attained the age of 
70 years to be relieved from the service. 

The Pennsylvania R. R., when Mr. Brown en- 
tered its service, was nothing more 
than two long stretches of rails. Since 
he has been at the head of the engi- 
neering department it has greatly de- 
veloped, and from a tortuous line it is 
now as straight as a road-can be built 
which runs through such a country as 
it does. He has seen many changes 
in the Pennsylvania Railroad Co. since 
he began his railroad career with it. 
In keeping with the developing of the 
line his ideas have also broadened out 
until he is known the world over as 
one of the greatest railroad engineers 
of the country. There are scattered 
all over the system monuments to his 
With the end of this 
year the Pennsylvania R. R. will be 
practically a four-track road from Jer- 
sey City to Pittsburg. This result was 
not accomplished without considerable 
planning on the part of Mr. Brown, 
who has rarely proved amiss in his 
conclusions and has had more influ- 
ence with higher officials of the com- 
pany than the public has any idea of. 

Like nearly all men who have made 
a name for themselves, Mr. Brown had 
to work out his own way until he 
reached the top of the ladder. He al- 
ways was a tireless worker and never 
let small things turn .him away from 
what he star:ed out to do. Even when a 
boy he had a hankering to be a civil 
engineer and during his leisure hours, 
which were few, he collected sticks 
and made axe handles, which he sold 
to procure books on engineering. This 
habit, taken up so early in life, has 
stuck to him. Although he has been 
in a position to make large sums of 
money, he has never taken advantage of the op- 
portunities. He has always been the engineer and 
never the speculator. For years he plodded along 
without any rest and only gave up when President 
Roberts sent him away to Cresson to recuperate. 
Mr. Roberts gave him instructions to take a long 
rest. But great was the president’s surprise to 
find a report on his desk sent in by Mr. Brown,on 
another route over the Allegheny Mountains. Al- 
though this route was not considered then, it 
has been taken up since, perfected and adopted. 

Although Mr. Brown is seventy years of age 
he has only had seventeen birthdays. He was 
born in Little Britain Township, Lancaster 
County, Pa., on Feb. 29, 1836. He was not raised 
in the lap of luxury and idleness. The early 
struggles of this great railroad engineer would 
have deterred many from carrying out their de- 
sires. But with him it was different and early in 
life he decided to win a high place as a civil en- 
gineer. The only schooling he had was received 
in the district public school and later in the Cen- 
tral High School of Philadelphia. 
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The use of tools of all kinds came natural to 
him while yet a boy, and at the age of sixteen 
years he could do carpenter work like a journey- 
man. When a boy he worked at odd jobs until 
he secured enough money to buy a second-hand 
lathe, which was set up in a small house used for 
storing ashes. His father had purchased a 
lot of hickory wood for kindling. Young Brown 
soon turned this kindling into handles for files, 
chisels, etc., for which he had a ready sale at 
three cents a piece. This money, with what he 
subsequently saved from working in the woods 


_of Clearfield County, was used to purchase the 


most primitive of surveyor’s instruments, a 
Jacob’s staff, and with this he made surveys of 
the neighboring farms, borrowing the deeds to 
guide him, and gradually acquired a fair knowl- 
edge of the work. 

Shortly before the war he took up engineering 


W. H. Brown 


in Philadelphia. He became connected with the 
Survey Department of Philadelphia and gave the 
stakes for the first passenger railway in this city, 
and when the suryey was made it attracted con- 
siderable interest. 

Mr. Brown was under Strickland Kneass, who 
was then chief engineer of the Survey Depart- 
ment. He remained with him until he became as- 
sociated with Thomas Scott, who had become As- 
sistant Secretary of War. Mr. Scott was very 
well acquainted with Mr. Kneass and had asked 
him to send a surveyor to serve under him. He 
desired to have plans and surveys made of the 
country on the south side of the Potomac so 
that he could build a railroad to carry supplies to 
the Union Army. 

At that time the heavy commissary wagons had 
badly cut up the roads so that it was almost im- 
posible to get the supplies through on time. Mr. 
Kneass recommended Mr. Brown and he was 
accordingly sent to Mr. Scott. This, it is believed, 
was the turning point in Mr. Brown’s life, for 
he gained the good will of Mr. Scott, who quick- 
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ly saw there was a great future in store for the 
young engineer, and a year afterwards he began 
his life work with the Pennsylvania system. 

Mr. Brown’s connection with the army was an 
arduous one. He reported to Mr. Scott shortly 
after the first battle of Bull Run, when the 
Union Army was driven back to the high ground, 
and for a time things looked black for the troops 
north of Washington. There were no correct 
maps of the country and the army was at a loss 
concerning it. However in Mr. Scott the Govern- 
ment had an officer who was of sterling qualities 
and who was capable of getting the best out of all 
who were under him. Mr. Brown was ordered to 
go to Alexandria. At this place he was assigned 
to a room qver a sand house where he was locked 
in and no one could reach him. This precaution 
was taken to prevent any one from seeing what 
he was doing and from stealing the plans. ~ 

In time they were completed and 
sent to Mr. Scott, who then found 
that he had secured something more 
than a draughtsman. “He found that 
he had an engineer of no mean ability 
and it did not take him long to bring 
the latent power out of Mr. Brown. 

About this time, General McClellan, 
who had been appointed chief of the 
Army of the Potomac, moved his force 
down to Yorktown. Mr. Brown was 
placed in charge of the Orange, Alex- 
andria & Manassas Gap R. R. It was 
on this work that records were made 
in the construction of bridges and the 
rebuilding of the railroad. The whole 
line was practically rebuilt, and twice 
in one summer he built all the bridges 
on the line, they having been de- 
stroyed by the Confederate Army. He 
was not daunted by the destruction 
of his work, for he organized a force 
of Pennsylvania R. R. carpenters and 
rebuilt the bridges clear through to 
Strassburg, which at that time was 
General Banks’ headquarters. During 
the work of putting the railroad in 
shape he was never molested, although 
Mosby Guerillas were often within 
reach of his men. He often worked 
ten miles outside of the picket lines 
until the last bridge was finished. 

At Fort Royal, over the Shenandoah 
River, where the First Maryland Regi- 
ment of Union troops were stationed 
at one time, the bridge was completed 
at g o'clock in the morning and at 
noon the regiment was driven back 
and the bridge carpenters who built 
the structure were set to work to de- 
stroy it. At 2 o’clock the same after- 
noon the bridge was set afire and that night Mr. 
Brown and his force, along with the Union 
troops, were driven back to Martinsburg. Later 
Mr. Brown and his carpenters went to Alexan- 
dria, where he reorganized his corps and started 
in to build the bridges over again. 

Among some of the achievements of Mr. Brown 
while working for the army were the building 
of the bridge over the Hedgesman River, in order 
to relieve Siegel’s Corps, and a long trestle over 
the Rappahannock River, constructed in four 
days, to enable General Pope’s army to be sup- 
plied promptly with munitions of war and rations. 

In 1862 Mr. Brown was taken ill with typhoid 
fever and was sent home. After he recovered he 
remained with the army one month, when Mr. 
Scott sent him to the Pan Handle R. R. as as- 
sistant engineer, the line then being finished be- 
tween Pittsburg and Steubenville. This was in 
October, 1862. This was Mr. Brown’s beginning 
with the railroad which has made his name fa- 
mous. He remained as assistant engineer of the 
Pittsburg, Cincinnati, Chicago & St. Louis Ry. 
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until 1863, when he was promoted to principal as- 
sistant engineer. In 1864 he came to the Penn- 
sylvania Railroad Co. on special service on the 
Pittsburg and Philadelphia divisions, 

On Jan. 1, 1865, Mr. Brown was made road- 
master of the Pan Handle R. R. at Coshocton, 
and a month later promoted to engineer of the 
Oil Creek R. R., under Frank Thomson, who was 
then general superintendent. In June of the 
same year he became principal assistant engineer 
of the Philadelphia & Erie division, and on Sept. 
1, 1867, was made engineer of the same division. 
On March 1, 1860, he was transferred to Altoona 
to build the new yards and car shops, which are 
now the largest railroad shops in the world. 

Mr. Brown’s tireless energy always kept him 
to the front and whenever there was a vacancy 
he was found to be the man to fill it, So in 
January, 1870, he was promoted to the position 
of resident engineer of the Middle Division of 
the Pennsylvania R. R., with headquarters at Al- 
toona. This position he held until March, 1871, 
when he became superintendent and chief engi- 
neer of the Sunbury & Lewistown R. R. In 
August of the following year he was made super- 
intendent and engineer of the Bedford Division. 
On Aug. I, 1874, he was promoted to the posi- 
tion of engineer of maintenance of way, with 
headquarters at Philadelphia, and on June 1, 1881, 
he became chief engineer of the company. 

Since that time Mr. Brown has seen many 
changes in the physical condition of the railroad. 
While there was never any looking backward the 
progress was never as advanced as it has been 
since 1899; since President Cassatt has been at 
the head of the company. It is safe to say that 
no railroad chief engineer has ever had as much 
money at his disposal as the chief engineer of 
the Pennsylvania Railroad Co. With this power- 
ful backing he was in a position to go ahead and 
undertake work that other railroad engineers 
would have hesitated to do. 

Mr. Brown’s work includes all that pertains to 
the construction of a railroad. When asked what 
he considered the most important operation he 
ever undertook, he hesitated and finally said: 
“All work is more or less important, but I guess 
the greatest piece of work I ever did was the 
construction of the Broad Street terminal and 
station in Philadelphia. I. have also built other 
stations, but this was the first of its kind and is 
as good to-day as when first completed.” 

Mr. Brown is justly proud of his work in con- 
nection with this station. When the plans for it 
were made the railroad had its depot at 32nd and 
Market Sts. and to get an entrance into the 
heart of Philadelphia the right of way had to 
be secured. Private property was bought and the 
first elevated road into this city was built. From 
the west side of the Schuylkill River to Broad 
St., the line is elevated. The trainshed begins at 
about half way between 16th and 17th Sts. The 
lobby stretches over 15th St. and the general of- 
fices of the company include all the space in the 
eight-story building above the waiting room. 

Since the trainshed was opened for business the 
trackage facilities have been increased so that 
now there are 16 tracks under the roof. The 
length of the shed is 508 ft. and its width 304 ft. 
The roof is carried on twenty trusses set in pairs 
9 ft. apart, the distance from center of each pair 
varying from 60 to 67 ft. Mr. Brown takes great 
pride in this shed, especially the manner in which 
it was constructed. Prior to its erection there 
was one only a little over half as large. During 
the time the new one was in course of construc- 
tion there was no delay in the movement of trains 
owing to the work that was going on in the 
station. 

While Mr. Brown looks upon this operation as 
one of the most important he has directed, the 
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officers of the company believe that there are 
many other operations that were of more im- 
portance to its affairs. It was through Mr. 
Brown’s work that the system is now a four-track 
line between Jersey City and Harrisburg and there 
are very few stretches on the other divisions that 
have not four tracks. To refer to all the work that 
Mr. Brown has planned would take many pages 
of this paper. It is safe to say that there has not 
been a plan of prominence issued from the com- 
pany’s office since he has been chief engineer that 
he has not passed an opinion on. The work of 
eliminating grade crossings on the New York 
Division was designed by him, and there were a’ 
number of great engineering problems that he 
had to solve. For instance the road is now 
elevated through the northern section of Phila- 
delphia as well as through Newark and New 
Brunswick, and within a short time there will 
not be a grade crossing on this division. 

The Johnstown flood was one of the many inci- 
dents which showed what kind of material Mr. 
Brown was made of. He was among the first to 
reach the scene of desolation and loss of life and 
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talking to Mr. Welsh, a director of the company, 
when a doctor of divinity joined the party. The 
minister was a friend of Mr. Welsh, who intro- 
duced Mr. Brown to him, saying: “Doctor, I wish 
to present to you the greatest railroad bridge 
builder in the world.” The minister gave Mr. 
Brown a look and then, delivering what he sup- 
posed would be a blow to his ability as a bridge 
builder, said: “Mr. Brown, could you construct a 
bridge from here to eternity.” Without a mo- 
ment’s thought Mr. Brown’s reply was: “Yes, if 
you will furnish the abutments.’ 

Mr. Brown is a great believer in stone bridges 
and wherever it is possible he has built them to 
take the place of steel ones. Among the most 
important bridges he has constructed is the one 
across the Susquehanna River, west of Harris- 
burg. This is one of the longest bridges in the 
United States and the largest stone arched bridge 
He has also constructed many 
bridges on the main line and over the Delaware 
River at Philadelphia and Trenton. 

Besides the engineering work of the Pennsyl- 
vania Railroad, Mr. Brown is one of the con- 


The Broad St. Station of the Pennsylvania R. R- at Philadelphia 


it was not long before, under his direction, a sys- 
tem was organized which resulted in the opening 
of the line. Mr. Brown took personal charge of 
this work. He was in danger of losing his life 
several times. While making soundings in the 
Conemaugh River, which was swollen many times 
above its normal condition and was out of its 
channel for nearly all its course, he lost his bal- 
ance and fell overboard. He could not swim, 
but managed to keep afloat and grasped a log 
which he held on until he was rescued. When 
taken out of the water he promptly resumed the 
work that he was interrupted in when he fell 
overboard. 

There is no man in this country that has a 
wider reputation as a bridge builder than Mr. 
Brown. His promptness to take up such work 
has always been a source of congratulation by 
his superior officers. Some years ago while he 
was stopping at the Mountain House at Cresson, 
which the company owned at that time, he was 


sulting engineers of the New York terminal rail- 
road, where he has full charge of the tracks and 
terminal department. It is likely that he will 
continue to look after this work until it is com- 
pleted, and there is a possibility he will continue 
in office with this company, as it has no rule by 
which an employee is required to retire when he 
becomes seventy years of age. 

There is no officer who will be more missed than 
Mr. Brown after his retirement., He has been 
chief engineer of the Pennsyvania R. R. for so 
many years that it is felt he is a part of the sys- 
tem. He has grown up with the road and there 
is not a part of it that he has not tramped over 
many times. One of the most important pieces 
of work now under way is the building of a low 
grade freight line from Susquehanna River at 
Columbia to. Glen Lock. This road will be of 
easy grade and will permit the company to haul 
much larger freight trains than it now runs over 
the Philadelphia Division. To build this road 
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there was a great amount of filling in, besides a~ 


‘large amount of blasting and excavating. Near 
the Columbia & Port Deposit Road a small moun- 
tain had to be torn down. While this work was 
under way the traffic on the Columbia & Port 
Deposit Road was shut down. Mr. Brown has 
also prepared plans for the continuation of the 
low-grade line from Glen Lock to Philadelphia. 
This road will have only three curves and they 
will be of no moment. It is expected that this 
work will be begun this year. When it is com- 
pleted the Pennsylvania Railroad Co. will have 
practically a new freight line from the Allegheny 
Mountains to Philadelphia. This line will run 
around the principal cities through which the 
main line now passes and will in a great meas- 
ure do away with the congestion of the interior 
terminals. 

To give even a list of the work that Mr. Brown 
has done would be like writing a book. How- 
ever some of the most important operations that 
he has had charge of, according to a statement 
made by himself, are as follows: The improve- 
ments in and around New York, consisting of the 
company’s terminals in Jersey City and Green- 
ville, where the greatest classification yard in 
the country is being constructed; the rebuilding of 
the Jersey City station four times, in 1875, 1801, 
1896 and 1808, and also the Jersey City Elevator; 
a new line to Bergen Hill, a new bridge across 
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R. R., the Sang Hollow extension of the West 
Pennsylvania R. R., a new line from Latrobe to 
Beatys, a new line through to Irwin, a new sta- 
tion at East Liberty and two stations at Pittsburg. 
He elevated the grade of the line on the south 
side of Pittsburg, and elevated the road through 
Chester and Wilmington, built the new bridge at 
Havre de Grace, the new station at Baltimore, 
and has plans for another new station at this 
place. He planned the new terminals at Wash- 
ington and the construction of the Brilliant 
Branch around Pittsburg. 

Mr. Brown was asked if he had ever counted 
up all the money he had expended for the com- 
pany. His reply was: “No. It has been a great 
deal. Much more than I would like to be 
worth.” It is understood that he has given out 
contracts for over $500,000,000. His many friends 
will be glad to know that he has engaged passage 
to Japan and will sail early in March. 


Sewage Experiment Station at Waterbury, 
Conn. 


The sewage experiment station at Water- 
bury, Conn., contains three 4,000-gal. tanks and 
six 0.00I-acre filters. One tank is being used 
for plain sedimentation for 24-hour periods, and 


the other two as 16-hour septic tanks. The sew- 
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Power Development at St. Croix Falls for The 
Minneapolis General Electric Company. 
By Adolph Edsten. 


About a year ago Messrs. Stone & Webster 
acquired for the Minneapolis General Electric 
Co. riparian rights along the St. Croix River for 
a distance of twenty-one miles above the vil- 
lages of St. Croix Falls and Taylors Falls, and 
immediately made plans looking to the develop- 
ment of the water power existing in the falls in 
that portion of the river. These falls, or 
succession of rapids, were one of the first 
localities in the upper Mississippi Valley to at- 
tract the attention of settlers and investors. In 
the early forties a band of pioneers located on 
the Wisconsin side, just opposite the falls and 
founded the village of St. Croix Falls, About 
the same time another band settled just below 
the falls and founded the village of Taylor’s 
Falls and by these two names the ‘falls have 
since been known. Confident that capital would 
eventually find them out and locate large indus- 
tries on both sides of the river, the early set- 
tlers waited patiently for the development of 
the water power. They hailed with joy the an- 
nouncement that Caleb Cushing had secured con- 
trol of the power rights. He had been an officer ‘ 
in the Mexican War and, like many of his com- 
panions, sought land grants in the far North- 


The Rockville 


the Hackensack River, the elevated road through 
Newark, New Brunswick and Elizabeth, the New- 
ark Bay road to Greenville, the New Brunswick 
bridge, a new iron bridge over the Raritan River, 
the new stone bridge over the Raritan River in 
1go1, the four tracks through Trenton and the 
new bridge across the Delaware River at that 
city, the Delaware River bridge and railroad in 
Philadelphia and the New Jersey, West Jersey & 
Seashore Railroad ferries, the grade crossing tun- 
nels at the Zoological Gardens, the Germantown 
& Chestnut Hill R. R., a part of the Schuylkill 
Valley R. R., the piers and docks on the Dela- 
ware River front in Philadelphia, bridges across 
the Schuylkill River, the passenger station at 32nd 
and Market Sts., in Philadelphia, the West Phila- 
delphia stock yards, and the elevated line through 
the West Philadelphia yards, eleven tunnels in 
West Philadelphia, the 41st and Girard Ave. 
bridges in Philadelphia, a practically new line 
from Philadelphia to Harrisburg. 

Mr. Brown has also erected two new stations 
at Harrisburg. The Euola classification yards at 
Fairview were planned by him and he made the 
plans for the change of line west of Lewistown, 
as well as rebuilt the old Portage road. This is 
the road that the State used before the Pennsyl- 
vania Railroad Co. bought it. Even now the line 
of the old canal and the inclined plane can be 
traced. He built a new tunnel from Gallitzen 
through the "Allegheny Mountains, the Scalp Level 


Bridge on the Pennsylvania Railroad Five Miles West of Harrisburg 


age is delivered by a small centrifugal pump to 
a grit chamber and is then screened before it 
is admitted to the sedimentation tank. Three of 
the filters receive the sewage near their top sur- 
face and are being run as standard intermittent 
sand filters at rates of 100,000 to 200,000 gal. per 
acre daily. The other three filters are filled with 
2-in. trap rock and are low enough to allow the 
settled and septic sewage to reach them under 
several feet head, enough to operate sprinkling 
devices. The station is under the direction of 
City Engineer R. A. Cairns, who stated at the 
meeting of the Connecticut Society of Civil En- 
gineers recently that one or two filters may later 
be converted into contact beds. The experiments 
made so far indicate that the sewage does not 
contain enough industrial wastes to interfere with 
ordinary bacterial action. 


A Larce Power PLant with electric power 
distribution will be used in the new Wood wor- 
sted mills, at Lawrence. There will be a 5,000- 
h.-p., compound condensing engine, and an 1,800- 
h.-p., non-condensing engine furnishing its ex- 
haust for heating, wool washing, dyeing and 
‘other purposes. Forty 78-in. by 20-ft. horizontal 
return tubular boilers with mechanical draft will 
furnish steam. About 5,000 h.-p. in induction 
motors will be furnished for running the ‘ma- 
chinery. 


west. It was his intention to develop the power 
and make the locality one of the industrial cen- 
ters of the new Northwest and a rival to the then 
youthful but lusty village at the Falls of St. An- 
thony on the Mississippi River, forty miles away. 
He sent a Mr. Perkins from the East and every- 
thing looked promising, but for some reason or 
other the plans came to naught. The water power 
rights were later on secured by Isaac Staples, a 
wealthy lumberman of Stillwater, twenty miles 
downstream. While many plans for utilizing the 
power were proposed, none of them was ever 
realized. A dam was built about eleven miles 
above the two villages. It is known as the 
Nevers ‘dam and is built almost entirely of tim- 
ber. No attempt was made to obtain any power, 
however, and the dam served little purpose other 
than being of some convenience to the lumbering 
operations. 

About a year ago, however, the Staples estate 
disposed of its rights to Messrs. Stone & Web- 
ster, of Boston. There is a general demand in 
Minneapolis for electric power for small indus- 
tries which is difficult to supply. Nearly all 
the power available at the Falls of St. An- 
thony has long since been developed. After study- 
ing the various undeveloped water powers with- 
in a short distance of Minneapolis, the engi- 
neers selected Taylor’s Falls as the most 
available one for their purpose. They organized 
the St. Croix Falls Minnesota Improvement Co. 
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and the St. Croix Falls Wisconsin Improvement 
Co., and let contracts for the entire development 
work to the Columbia Improvement Co., which 
sent out Mr. G. O. Muhlfeld as manager of the 
construction. Mr. A. W. Hunking, hydraulic en- 
gineer, and Mr. Lee H. Parker, electrical engi- 
neer, represent Messrs. Stone & Webster. 

The company controlling the power acquired 
the entire flowage rights on both banks of the 
river for a distance‘of 21 miles, including also 
the Nevers dam. This stretch of river will soon 
become a lake more than twenty miles long with 
an average width of a third of a mile. At the 
dam the reservoir will have a depth of more than 
50 ft., and will deliver the water to the turbines 
under an effective head of 55 ft. at all seasons 
of the year. The estimated capacity of the new 
plant is 24,coo h.-p. 

The preliminary work of the company included 
the erection of a two-story stone office building 
in St. Croix Falls for the use of the executive 
officers and the engi eers, the rebuilding of an 
existing house as a home for the superintendent 
and engineers, and the erection of a couple of 
barracks for the laborers. After the work had 
been fairly under way it was planned to employ 
about 500 men, but labor was exceedingly scarce 
in the Northwest in the summer and fall of 1gos, 
and the total number on the works rarely ex- 
ceeded 400 men and averaged about 300. Of 
this number 200 were employed on the day shift 
and 100 on the night shift. The work has been 
prosecuted as rapidly as the labor conditions and 
the weather would permit. It is expected that 
electric power will be delivered to Minneapolis 
about June I and a strenuous effort is being 
made to get the dam across the river before the 
spring break-up. The accompanying photographs 
by Mr. Edmund A. Brush of Minneapolis show 
the general character of the site and the plan of 
construction. 

Actual work was begun on April 28, 1905, im- 
mediately after the completion of a spur track 
from the Minneapolis, St. Paul & Sault Ste. Marie 
Ry. to St. Croix Falls, on the Wisconsin side 
of the rapids. By means of this spur all ma- 
terial used in construction is delivered within 
such distance of the works as to permit its 
handling by derricks and tram cars. A cable- 
way has also been stretched across the river to 
facilitate the work. Since everything was fairly 
started, ten steam drills have been in constant 
use on the excavation of the trap rock. This 
work goes on night and day, blasts being touched 
off three times daily. Eight derricks have been 
in constant operation. 

The dam is composed of rubble concrete. Broken 
stone for the concrete is obtained in the excava- 
tion for the canal and power house, the ma- 
terial being very hard. The same ledge also 
forms the foundation for the dam itself. Sand 
for the concrete is obtained from a bank about 
a fourth of a mile east of the works on a side- 
hill, from which a gravity railway delivers the 
sand to bins immediately over the concrete plant. 
The two mixers are of the Smith type, with a 
capacity of a cubic yard per batch. The crushers 
are capable of breaking about 200 cu. yd. of rock 
per ten hours. 

The concrete is mixed in proportions of one 
part of cement, three of sand and five of broken 
stone, except for the facing on the overflow sec- 
tions of the dam, in which the proportions are 
one, two and four. To prosecute the concrete 
work during the cold weather, steam has been 
used in heating the rock and sand in their respec- 
tive bins and hot water has been provided for 
the mixing. The trap rock used in the concrete 
proved exceedingly hard, having a specific grav- 
ity of 3.0. It has been extremely difficult to work 
in this material, as it has been very trying to 
the crushers and drills. 
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‘The concrete is delivered in steel skips and 
carried away on cars drawn by horses over a 
trestle work constructed along the dam and power 
house, from which it is taken by derricks and de- 
livered wherever wanted. 

The dam averages about 50 ft. in height and 
has a vertical upstream face and a downstream 
face of about sixty degrees slope. Starting from 
the Minnesota shore, the dam crosses the stream 
nearly at right angles, then bending southerly 
it runs almost parallel with the Wisconsin shore 
a distance of nearly 350 ft., the total length of 
the spillway being 650 ft. The dam has a thick- 
ness of about 50 ft. at the base, diminishing to 
about Io ft. at the top. 

At the westerly end is located a log sluice 4o 
ft. wide between cut stone piers and controlled 
by a steel bear-trap gate about 10 ft. high. The 
St. Croix River is still used by the lumbermen in 
floating logs and the sluice is introduced in the 
dam for their convenience although lumbering 
operations are now conducted only on a limited 
scale and will probably disappear entirely in a 
Tew years. 

A forebay or canal between that portion of the 
dam parallel to the Wisconsin shore and the shore 
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in diameter, joining the pen-stock on top and with 
a quarter turn extending to the canal face of the 
power house. Along the entire front of -the 
power house there will extend a fine steel trash 
rack in front of the intake to the water-wheels. 

Across the forebay or canal just above the 
power house will be maintained a boom for catch- 
ing floating débris and a wasteway in the dam 
at this point will wash the débris into the river. 
In the end wall of the canal there will be another 
wasteway, 10xIo ft., for removing accummulations 
which may pass the first boom. Suitable booms 
_will also be provided for storing logs and forc- 
ing them into the log sluice. In addition, a fish- 
way or ladder is provided at the northerly end 
of the power house, by means of which fish may 
pass from the lower level of the river to the 
upper. 

In the construction of the dam six openings 
were left, each about r1ox12 ft., and these are 
calculated to “take the flow of the river, when 
the current is entirely shut off by a cofferdam 
across the main channel. These openings will 
be closed ultimately by timber gates and will be 
filled with concrete from the downstream side. 

The company owning the dam controls the 
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itself leads to the power house, which is located 
at the downstream end of the dam. Most of this 
canal is blasted out of the trap rock ledge, the 
cut varying from o to 28 ft. 

The power house itself is a structure 86x203 ft. 
in area, the canal wall of which is really a con- 
tinuation of the dam. The station is built of 
solid concrete and has been designed for eight 
units of 2,500 kw. each, together with two ex- 
citer units of 100 kw. each. For the present only 
four of these units will be completed, the other 
four being carried forward only so far as may 
be necessary to insure the entire closure of the 
forebay. This is accomplished by an end wall 
from the southerly end of the power house east- 
erly to the trap rock ledge. The four units which 
are to be completed at first consist ‘of steel flumes 
14 ft. in diameter and about 42 ft. long, which 
are bedded in concrete in the canal wall of the 
power house. Within each of these steel flumes 
will be four 27-in. Victor turbines on one shaft, 
to the outer end of which will be coupled a 2,500- 
kw. generator. The turbines, which develop 4,200 
h.-p., receive their water through a tube 14 ft. 


flowage rights for 21 miles upstream and will be 
able to pond the flow of the river for several 
hours at a time, thereby enabling the contractors 
practically to cut off the entire flow of the stream 
while the openings are being filled. 

Ever since the work began the flow of the 
stream has been unusually large and for some 
time prevented successful attempts to build a 
cofferdam. In November, however, a cofferdam 
was begun. It was composed of cribs, loaded 
with stone, double planked on the vertical up- 
stream side with straw and gravel. About the 
time this was made reasonably tight another un- 
expected difficulty was encountered. Owing to 
the unusually mild winter the river did not 
freeze over completely and each day small sec- 
tions of slush ice flowed downstream, landing a 
mile or two below the works and forming an 
ice barrier, which raised the water some 12 ft. 
above the normal stage at the dam works. This 
state of affairs called for a second cofferdam 
parallel with the first, but on the downstream 
side of the dam. Between these two temporary 
constructions the dam is being constructed. 
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The lower cofferdam is built of sawed lumber 
2x6-in. scantling, random length, spiked flatwise 
on each other, forming two walls about to ft. 
apart and frequently tied with cross timbers. 
Between the two walls there is a boxed section 
to receive stone and gravel to sink the dam 
as the construction progresses. This will also 
have a vertical double planking and be filled 
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swale caused by a dip in the bank exists and this 
had to be diked off to retain the water. For 
this purpose a concrete dike has been constructed. 
It has a maximum height of 30 ft. The total 
length is about 1,000 ft. The width of the dike 
is about 5 ft. at the top and 16 ft. at the base. 
The construction in this instance was the same 
as in the case of the main dam except that 


Rubble Concrete in Dam 


with gravel. The space between the two dams 
will be pumped out by two large, centrifugal 
pumps. 

Another cofferdam was needed to protect the 
tail race excavation, which will extend into the 
river nearly 175 ft. from the wheel pit outlets. 
The floor of this excavation is an inclined plane 
extending from the wheel pit at a yrade of four 
feet in a hundred. This cofferdam was built of 
earth and presents no unusual features. 

On the Minnesota side of the river a low 
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line is over a private right of way purchased by 
the St. Croix Falls Minnesota Improvement Co. 
It is a fraction more than 4o miles in length from 
Taylor’s Falls to the Minneapolis sub-station, 
and has a uniform width of 60 ft. Steel towers 
have been erected for the purpose of carrying 
the wires over lakes and depressions where it 
is impossible to place poles. The insulators, which 


St, Croix River 


Wheel Casings and Draft Tubes 


gravel was used instead of broken rock, a pit of 


excellent gravel being found nearby. 

The generators will be of the Westinghouse 
alternating current type, furnishing current at 
2,300 volts. It will be transformed for high po- 
tential transmission at 50,000 volts, at which volt- 
age it will be brought to the Minneapolis sub- 
station, where the voltage will be cut down to a 
suitable voltage for commercial purposes. Twelve 
transformers will be installed at the power house 
and nine at the sub-station. The transmission 


are I4 in. in diameter and weigh 25 to 30 Ib., 
have been tested to withstand three times the 
required voltage and are calculated to prevent 
any leakage of the current. 

After the line is in operation it will be patrolled 
continuously and private telephone booths have 
been placed at regular distances for the conveni- 
ence of line walkers in making reports. The 
company has also leased a line from one of the 
telephone companies as an emergency line in case 
of interruption on its own line. 
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THE CONSTRUCTION OF THE CHARLES RIVER DAM AND 
BASIN AT BOSTON. 


By John N. Ferguson, Assistant Engineer, Charles River Basin Commission. 


Work under the direction of the Charles River 
Basin Commission during the past season has 
included, principally, the completion of a tem- 
porary highway bridge and approaches, work pre- 
liminary to the construction of the dam and lock, 
including the removal of a portion of Craigie 
Bridge, completion of the construction of the 
Boston coffer-dam, dredging and _ pile-driving 
therein, construction on the Cambridge coffer- 
dam, and the completion of Section 2 of the 
Boston marginal conduit. The elevations given 
in this article refer to a base 100 ft. below Bos- 
ton city base, which is approximately mean low 
water. For detailed description of the location 
and designs of the dam and lock one is referred 
to The Engineering Record of Noy. 26, 1904. 

In accordance with chapter 465 of the Acts 
of the year 1903, authorizing the construction of 
the dam and lock in the Charles River, the Com- 


portion of the bridge on March 1 and began pile- 
driving on March 2, 1905. The pile caps, braces 
and stringers, where adjacent, were rigidly at- 
tached to the bents of the Boston & Maine R. R. 
bridge. Stringers were long enough to span 
two bays, notched to fit the pile caps and laid to 
break joints. Roadway and sidewalk planking 
was planed on one side to an even thickness and 
the sidewalk planking jointed. The full width 
of the roadway, including one sidewalk, is 48 
ft. The work also included the changing of the 
draw channel, building a guide pier and con- 
structing fenders. The draw consists of four 
leaves operated in pairs and lifted by two 25- 
h.-p. motors. About 500 spruce, Norway pine 
and oak piles, having a maximum length of 69 ft., 
were driven in the guide piers, fenders and the 
bridge by means of floating and track pile- 
driving machines. On June 28 a trial street car 


Vow. 53, No. 9. 


addition extend back of the wall at each end 
through the old sea-walls and apparently through 
stone filling. 

Subject to the approval of the chief engineer, 
the contractor was allowed to construct coffer- 
dams of ‘other designs, or in other locations, than 
those shown on the contract plans, but their suf- 
ficiency rests upon the contractor. He was al- 
lowed to substitute in place of a dam 30 ft. be- 
tween inner sheeting one which is 8 ft., and to 
change its location slightly relative to the fill. 
The coffer-dam was designed by Mr. Frederick 
H. Fay, consulting engineer, of Boston, Mass. 

The construction of the coffer-dam began on 
March g. Structurally it consists of two rows 
of guide piles 11 ft. apart with piles 10 ft. on 
centers having alternate spur piles, supporting two 
rows of 6-in. splined and grooved sheet-piling, 
the whole thoroughly tied and braced. The quan- 
tities per linear foot called for by the design 
are as follows: 6-in. yellow pine grooved sheet- 
ing, 38 ft. long, 456 ft. B.M.; wales, struts and 
fillers, 107 ft. B.M.; spruce, including splines, 31 


ft. B.M.; 1%4-in. bolts and washers, 24% Ib.; 1-. 


in. and 34-in. bolts and washers, 12 lb. 
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Plan and Profile of Charles River Dam and Basin, Boston, 


mission was required to remove Craigie Bridge, 
as the dam is to occupy, substantially, the site 
of the bridge. The Act also required the Boston 
& Maine R. R. Co. to remove its freight bridge 
and appurtenances southerly and westerly of 
a line located 4oo ft. from the downstream face 
of the proposed dam at the Cambridge shore, 
and about 360 ft. from the face near the lock. 
Studies were made as to the best method of 
caring for the traffic over Craigie Bridge during 
the construction of the dam, and it was decided 
to use the railroad bridge for a part of a tem- 
porary highway bridge after the necessary leg- 
islation and consent from the railroad officials 
had been obtained. 

Temporary Highway Bridge-—The railroad 
bridge was utilized for the main portion of the 
temporary highway bridge, that west of the 
channel, and a new draw and new pile bridge 
east of the channel were built. The railroad 
bridge was reconstructed to adapt it to high- 
way purposes and strengthened by driving addi- 
tional piles, splicing old ones, adding new string- 
ers and in other ways. 

The contractor, Holbrook, Cabot & Rollins 
Corporation, of Boston, began work on the new 
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was run over the bridge, and on July 2, 1905, 
the bridge was opened to travel and Craigie 
Bridge closed. 

Coffer-dams.—On January 14, 1905, the contract 
for the main portion of the dam and lock was 
awarded to the Holbrook, Cabot & Rollins Cor- 
poration. The work includes the construction of 
a dam about 1,300 ft. long across the Charles 
River between the cities of Boston and Cam- 
bridge. Two coffer-dams are required at the 
shore ends of the dam. Within the coffer-dam on 
the Boston side, a navigation lock, section 1 of 
the Boston marginal conduit, foundations for a 
drawbridge, gate chambers and other structures 
will be built. Within the coffer-dam on the 
Cambridge side sluices for discharging the flow 
of the river, a portion of a marginal conduit and 
other structures will be built. The coffer-dam on 
the Boston side, generally rectangular in shape, 
being 625 ft. long in a northerly and southerly di- 
rection, parallel to the river, between the inner 
rows of sheeting, and 255 ft. wide at its middle, 
covers an area of 3.8 acres inside the outer row 
of sheeting. It has three constructed sides, the 
Charlesbank Park forming the fourth, measuring 
1,190 ft. from wall to wall. Suitable cut-offs in 
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On July 5 the contractor commenced remov- 
ing a portion of Craigie Bridge, the draw being 
dismantled first, «s it came in the line of the 
coffer-dam construction. 

A total of 437 spruce piles of an average length 
of 45 ft. were driven, and about 740 M. ft. B.M. 
spruce and yellow pine were used in the coffer- 
dam and shore connections. The specifications 
called for spruce, oak or Norway pine piles not 
less than It in. in diameter at the butt and not 
less than 6 in. in diameter at. the tip, dimensions 
being exclusive of the bark. The yellow pine tim- 
ber was square-edged inspection. The wales were 
bolted to the guide piles by one 34-in. bolt at each 
pile. The sheet piles with spruce splines were 
driven vertically and close together with a floating 
machine fitted with outrigged movable gins to 
hard bottom, or given at least a 15-ft. penetration. 
Considerable care was taken to make the lines of 
sheet-piling as tight as possible, and a diver was 
engaged to make examinations and to report any 
pile broken or improperly driven. A _ lighter, 
fitted with an air compressor, was used in boring 
the piles and timbers. All angles were reinforced 
with iron plates and rods. At the shore ends of 
the dam, the sheet-piles mainly in one row, the 
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-inner row being discontinued, were driven with 
a land machine. 

The filling between the rows of sheet-piling is 
composed of clay, silt and sand, the embankment 
on the inside of clay and sand, and the embank- 
ment on the outside of clay and gravel. The 


only trouble from washing the outside embank- 
ment, due to velocity of tide, occurred at the 
This 


northwest corner near the draw channel. 
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has been satisfactorily protected by building plank 
jetties out from the slope. Filling began on May 
22, A total of 117,500 cu. yd. of material was 
placed in the coffer-dam, some of which came 
from the excavations within the coffer-dam, but 
the larger part came from Bosten Harbor where 
dredging was being done and from gravel banks 
in the river above Cambridge bridge. Some ex- 
cavation from the Washington St. tunnel and 
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s 
from the Boston marginal conduit was filled at the 
shore ends. An opening was left at the south- 
west corner for the exit of the dredge, rehandler 
and floating pile-driver. 

Near the middle of the south end of the 
coffer-dam, a sluice, with bottom at EI. 100, was 
cut through after the sheet-piles had been driven. 
This sluice has two gates, one 2%xs5 ft. and 
the other 5 ft. square, having a total net area 


Details of Coffer-Dam used on Charles River 
Improvements. 


of 36 sq. it. These gates were left open until 
such time as sufficient material had been filled 
against the dam at the point of closure. They 
are operated by means of ratchet gearing, and 
also will serve to flood the dam in case of ne- 
cessity. 

The depth of water within the coffer-dam at 
low tide varied from nothing at the Charlesbank 
wall to 20 ft. at the northwest corner. 
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On October 1 the sluice gates were closed and 
pumping out of the coffer-dam began, frequent 
stops being made to allow the fill to settle and 
the water to drain from the inside slopes. Move- 
ment of the slopes or appreciable increase in 
leikage was not noticeable. At first a 15-in. Law- 
rence centrifugal pump was used, direct-connected 
to a Westinghouse, Jr., engine, erected on a float, 
having flexible pipe connections from a steam 
plant placed on pile foundations on the westerly 
side of the coffer-dam. After the water had been 
lowered sufficiently, the pump and engine were 
placed on the inside fill and connected with a 
pump-well. Two 6-in. centrifugal pumps, one 
steam and one electrically driven, have been add- 
ed, one of which takes care of the leakage, operat- 
ing intermittently, the other being kept in re- 
serve. The pump-well was excavated to about 
El. 64.5, from which was laid an 18-in. underdrain 
towards the center of the lock. It happens that 
the location of the coffer-dam encloses the outlet 
of an overflow from the west side intercepting 
sewer of the City of Boston, the discharge from 
which occurring during storms has to be taken 
care of. A sluiceway to take the discharge from 
the pumps was built out and over the westerly 
side of the coffer-dam. The price bid for the 
coffer-dam, which includes the cost of maintain- 


Bracing in the Boston Coffer Dam. 


ing and the removal of ‘certain portions, was 
$70,000. 

In the construction of the coffer-dam, no seri- 
ous difficulties were encountered. The final clos- 
ure was made Sept. 29, and the dam continued 
to successful completion. The care with which 
it has been constructed is well shown by the 
leakage which amounted, on an average, during 
24 hours, to 400 gal. per minute, when the water 
inside has been pumped down to about El. 90. 
The rise of tide which is about 1o ft. does not 
seem to increase the leakage. 

Dredging and Foundations for Lock.—Dredg- 
ing for the lock began on April 27. The bottom 
of thé masonry for the lock will be at El. 72.5, 
27% ft. below mean low water, which, with the 
excavation for the lock gate recesses, requ.red the 
dredging of about 32,900 cu. yd. of material, 
some of which was placed in the fill for the 
main dam, the larger part, as previously stated, 
being placed in the fill for the coffer-dam. At 


the northerly end of the lock it was found neces- . 


sary to dredge some material below the bottom 
of the masonry and to refill with gravel. 

The contract required that the piles under the 
lock should not be driven until after the coffer- 
dam was pumped out, but, at the northerly end 
of the lock, where it was found necessary to 
dredge below the bottom of the masonry, the 
contractor was allowed to drive about 500 piles. 
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These were driven in from zo to 30 ft. of water 
by means of extension gins and a follower. The 
bottom of the pile was held in place by means 
of dogs attached to the lower ends of the ex- 
tension gins. After the .dogs were forced into 
the pile on opposite Sides, the pile was lowered 
into position, and the dogs were forced further 
in as the pile was driven, their hold being lost 
after the pile had started into the bottom. The 
top of the pile was held in position by means 
of a cup-shaped casting at the lower end of the 
follower. A total of 514 piles were driven in 
this manner between Aug. 8 and 45. Pile-driving 
with land machines for the foundation of the 
lock masonry began on Oct. 31 at the northerly 
end. The piles were first driven in bents 14 ft. 
apart in the center of the excavation, the driver 
having an overhang of from 16 to 18 ft. These 
piles were left high and capped to serve as a 
trestle for a traveling derrick, and a grillage was 
built from it from which the other foundation 
piles were driven. Piles under the center of the 
lock are 4 ft. and 5 ft. on centers, those under 
the side walls are 21% ft. on centers. Driving has 
been done at the rate of about 1,000 piles per 
month, 

The plant for furnishing the material and me- 
chanically mixing the concrete is in process of 


erection. It is intended that sand and gravel 
will be dumped from scows off the northerly end 
of the coffer-dam. . Here a gridiron has been 
built on piles on which a rehandler will be placed 
to deliver the sand and gravel at the top of the 
hopper. The hopper is supported over the coffer- 
dam by heavy framed timbers at such an elevation 
as to separate the sand from the gravel into twa 
large storage bins. Gaging boxes at the bot- 
tom will measure the sand and gravel, which, 
mixed with the cement, to be stored near by, will 
be carried by a belt conveyor to a cubical con- 


crete mixer. The mixer is placed near the north- - 


erly end of the lock whence the concrete will be 
transported on cars to places needed. 

The Cambridge coffer-dam is now being con- 
structed. It will have an area of 1.2 acres and 
is being built on the same design as the Boston 
coffer-dam, except that it will have coffer-dam 
construction on all sides instead of utilizing the 
shore for one side. This method of construction 
was adopted partly to obviate the necessity of 
providing and maintaining a new outlet for the 
Bridge St. sewer. The piles for the foundation 
of the sluices are being driven by a floating ma- 
chine similar to the one described as used it the 
Boston coffer-dam. The price bid for the con- 


struction, maintenance and removal of portions of 


this dam was $27,000. 
Boston Marginal Conduit.—As the basin is in- 
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tended to be used for pleasure purposes, it is 
essential that the condition of its waters should 
not only be harmless, but there should be no sug- 
gestion of sewage, that the enjoyment of the water 
park may be increased. Before the completion of 
the dam the commission is required to construct 
two marginal conduits, one on the Boston side 
and one on the Cambridge side of the lower por- 
tion of the basin, to conduct below the dam the 
overflow from sewers, the surface drainage and 
other refuse matter which would otherwise pass 
into the basin. 

The conduit on the Boston side is known as the 
Boston marginal conduit. The construction of 
Section 1 is included in the contract work for 
the dam and lock, as previously mentioned. Sec- 
tion 2 of this conduit, comprising 1,804 lin. ft., is 
now nearly completed. It starts at the south- 
easterly corner of the Boston coffer-dam, in the 
Charlesbank Park, and extends southerly through 
the Charlesbank and approximately parallel to the 
Charles River, with a maximum distance from 
the river of about 180 ft., to the southerly wall 
of the approach to the new Cambridge bridge. 
In addition, it comprises an overflow chamber 
and conduit near its upper end about 175 ft. in 
length. ; 

Previous to letting the contract, 13 wash drill 


Piles under Old Sea Wall, Marginal Conduit. 


borings, having an aggregate depth of 530.4 ft., 
were made and samples obtained to ascertain the 
probable character of the material to be encoun- 
tered in excavating and pile driving; also, ad- 
vantage was taken of borings made near by in 
Charles St. by the City of Boston prior to the 
construction of the west side intercepting sewer. 
On June 13, 1905, the contract for this section 
was let to James Driscoll & Son, of Brookline, 
Mass. Work began on June 21, and has con- 
tinued since. 

As the Charlesbank park was constructed by fill- 
ing a water front, skirted by old sea-walls, bulk- 
heads and docks, the excavation for the conduit 
was made through various kinds of material, in- 
cluding cinders, gravel, loam and so forth, as 
well as through the old sea-walls above mentioned. 
The. line of the conduit was through practically 
level ground and required a trench about 20 ff. 
deep by about 10 ft. wide. A Carson-Lidger- 
wood cable machine, 300 ft. between towers, was 
used almost wholly for the excavation and re- 


‘fill. - Portable stiff-legged derricks were used at 


the ends of the section where not advantageous 
to utilize the cableway, and a derrick having 72- 
ft. mast and 65-ft. boom with bull-wheel was 
used at the overflow chamber and conduit. The 
trench was braced and sheeted throughout with 
two sets of spruce sheeting, the upper set of 2- 
in. rough planks from 12 to 15 ft. long and the 
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ower set of 2-in. rough and 3-in. splined and 
grooved planks about 8 ft. long. The splined and 
grooved planking was used at the’ southerly end 
near Cambridge bridge to assist in preventing 
the inflow of tide water. The lower sheeting was 
required to be left in place and the masonry 
built against it. The braces and rangers used 
were 6-in. x 8-in. The trench was excavated to 
the form of the bottom of the masonry where 
in good material; where the bottom was peaty or 
silty it was removed to a depth of from 4 in. to 
4 ft., and refilled with gravel. 

Piles were not necessary for a distance of 422 
ft. at the northerly end, as the bottom of the 
excavation was in hard sand or gravel and in 
one place for a distance of about 60 ft. through 
slate rock. The remainder of the conduit for 
a length of 1,382 ft. is built on piles. Spruce piles 
were used of a size not less than Io in. in diameter 
at the butt and not less than 6 in. at the small 
end, dimensions being exclusive of the bark. They 
are spaced 2 ft. on centers under the side walls 
and 4 ft. on centers under the middle of the in- 
vert. The pile-driving was done largely at night, 
otherwise it would have interfered with the use of 
the cableway. The pile-driver had low regular 
gins so that it would not interfere with the cable, 
also extension gins to assist in driving the piles 
to grade in the 20-ft. trench. The hammer used 
was 9 ft. long, weighing about 2,100 lb., and the 
penetration required was equivalent to four blows 
in the last foot with a 1o-ft. fall. For a dis- 
tance of about 100 ft. the line of the conduit fol- 
lowed an old sea-wall built on piles with tops at 
about El. too. Advantage was taken of these 
old piles, 243 being used after their tops had been 
cut off at the proper elevations. A total of 1,813 
piles, having an aggregate length of 50,532.3 ft., 
were driven through silty sand and gravel to a 
hard bottom of stiff clay or to hard sand and 
gravel. The maximum length of pile used was 38 
ft., the minimum length 17 ft. 

Due to the proximity of the layout of this con- 
duit to the river, the ground water, which varies 
according to the tide from about El. 103 to El. 
108, caused a great deal of trouble to the con- 
tractor. Besides, the river water followed along 
the old sea-walls where uncovered and caused ad- 
ditional trouble. To care for the water a Io- 
in. underdrain of vitrified clay pipes was laid 
with gravel filling connecting with pump wells, 
constructed as the work progressed, about 500 
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Pumping and Pile-Driving Plant at the Boston Coffer-Dam. 
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Dogs on Extension Gin used in Driving Piles under 
Water. 


Pile Driver With Outrigged Cins, 


* moved and the arch centers placed. 


ft. apart. The Gndsedeein was laid with its top 
about 5 in. below the bottom of the masonry. 
A pulsometer and 4-in. and 6-in. centrifugal 
pumps were used, either separately or together, 
depending on the amount of water to be cared for. 

The conduit has a cross-section 7 ft. 8% in. in 
extreme height and 6 ft. 4 in. in extreme width, 
with minimum thickness of bottom 15 in. of side 
walls 16 in. and of arch 8 in. The invert is built 
level at El. 98.5. The area of the conduit inside 
is 41.34 sq. ft., and the area of the masonry in 
section is 34.29 sq. ft. 

The conduit was built of Portland cement con- 
crete masonry mixed in the proportion by meas- 
ure of I part cement, 2% parts of sand and 4% 
parts of broken stone or gravel. At the upper end 
of the line near the river the work had to be 
done at and about low tide, as it was next to 
impossible to keep the water out at high tide. 
Here the concrete was mixed in the proportion of 
I, 2 and 4 parts of cement, sand and gravel, re- 
spectively. Whitehall, Alpha and Lehigh brands 
of cement were used. Screened gravel and screen- 
ed broken stone, when the gravel was not avail- 
able, were used; very little of it was more than 
2 in. in greatest dimension. 

Concrete was mixed by hand and also with a 
Smith concrete mixer. The mixer was placed 
near and operated by steam from the boiler on the 
cableway. The cableway served to convey the 
concrete from the mixer to platforms, from which 
it was shoveled into place. Towards the end of 
the work it was found that to get the progress 
desired it was not practicable to utilize the cable- 
way for transporting the concrete as well as the 
excavation, so the use of the mechanical mixer 
was discontinued. The method of construction 
adopted was as follows: The invert was built 
in short sections, and after it had set sufficiently 
the forms for the side walls were placed and side 
walls built against the lower sheeting to a height 
of 4.7 ft. aboye the invert. After the side walls 
had set for 36 to 72 hours the forms were re- 
The masonry 
of the arch was held in place on the outside of 
lagging carried up with the masonry. A mortar 
joint of I part of cement to 2 parts of sand was 
required between the side walls and arch, 1 bag 
of cement being used for 16 ft. of side walls. 
Additional concrete masonry between the pre- 
scribed lines and the sheeting was paid for at 
half the price for masonry inside the prescribed 
lines. 

In the early part of the work lubricant was not 
applied to the forms, and their adhesion to the 
concrete caused some difficulty. Later the centers 
were brushed with soft soap each time previous 
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to placing the concrete, and they were removed 
more réadily. On the curves, which were either 
of 100-ft. or 800-ft. radius, straight forms 8 ft. 
long were used with 4-in. iron strips lapping 
the ends. 

As will be noticed on the section, the bottom 
of the main conduit is reinforced with %4-in. and 
3%4-in. bent steel rods, placed over one another, 
12 in. on centers. The ends of the %4-in. rods also 
increased the strength of bond between the side 
walls and arch. At the northerly end where 
the bottom was in hard material the rods were 
spaced 15 in. on centers. Ransome twisted steel 
tods were used in this construction. 

The bottom of the lower set of sheeting was 
driven below the bottom of the masonry in order 
to prevent a direct flow of ground water from 
the sides of the conduit along the bottom of the 
masonry to the underdrain. Great care was taken 
to fill all voids directly behind the sheeting, par- 
ticularly where there were old sea walls or rock 
fill. This was done principally by grouting, and 
in certain cases by allowing the concrete, at the 
time the side walls were built to fill in solid be- 
tween the stones of the walls. At each end of the 
section brick bulkheads 12 in. thick were built 
in the conduit to keep out the ground water and 
filling. 

The interior of the masonry, after removing the 
forms, was fairly smooth. After pointing was 
done it was given a wash of neat Portland cement 
applied with a soft bristle brush iengthwise of 
the conduit. The invert was plastered with mor- 
tar composed of 1 part of cement and 1 part of 
sand equal in thickness and finish to a plasterer’s 
tinished coat. 

The finest of the excavated material was used 
for refilling next to the masonry and in the span- 
drel above the side walls where it was deposited 
in layers and well rammed. No large stones were 
allowed within 1 ft. of the top of the masonry. 
The material from the buckets was not allowed 
to be dumped directly on the masonry. 

This section crosses two overflow conduits from 
the west side intercepting sewer, the use of which 
could not be interferred with during construction. 
The first overflow, a rectangular wooden conduit 
from 3 ft. wide by 2% ft. high, was kept intact. 
It passes through the arch of the conduit and 
the masonry was carried over it and around its 
ends. It was first made tight by calking the 
joints with jute and plastering the interior with 
cement. The portion of the second overflow 
built of 8-in. brick on a wooden platform, being 
about 3 ft. 9 in. wide by 4 ft. 9 in. high, was cut 
out where it crossed the trench, and a wooden 
barrel, 9 ft. long and 4 ft. inside diameter, made 
up of staves 4 in. thick, was set up in place in 
line with the overflow. The barrel was built into 
the arch masonry, and additional masonry was 
placed over the barrel and around its ends. When 
the Boston marginal conduit shall be placed in 
commission, connections will be made with these 
overflows at their crossings. 

There are four manholes on the main line built 
of 8-in. walls having an internal diameter of 3 ft. 
except at the top, where in a height of 1 ft. it 
decreases to 2 ft. diameter. The manholes are 
fitted with iron ladders having rounds about 15 
in. apart. 

As previously stated, the overflow chamber and 
conduit are located near the upper end of the 
section, the overflow conduit 6 ft. 5 in. high by 
5 ft. 3 in. wide extending about at right angles 
to the main conduit. This overflow is provided 
in order to take the surplus flow of extremely 
dilute sewage during severe storms occurring at 
high tide. The connections at the overflow cham- 
ber are built to serve as a trap so that sediment 
or floating matter will not escape. ~The diluted 
overflow will be discharged through four open- 
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ings in the side walls of the main conduit, then 
rise and flow over two cast-iron troughs with 
tops at El. 108.5, which is % ft. above the proposed 
water level of the basin, thence through the 
overflow conduit and pipes into the basin. In the 
construction of the overflow conduit practically 
the same methods were followed as in the con- 
struction of the main conduit. The concrete 
masonry in the roof and bottom of the chamber 
are reinforced with 14 and 34-in. Ransome twisted 
steel rods. The bottom of the overflow’ con- 
duit is reinforced with two %4-in. rods placed over 
one another 12 in. center to center. The placing 
of one length of 60-in. pipe at the end of the 
overflow conduit was included in this contract, 
the end of which was bulkheaded by two layers 
of 2-in. spruce planks laid at right angles to one 
another and plastered with cement. Later, con- 
necting with this pipe, additional pipes will be laid 
through the Charlesbank wall and into the basin. 
Stop planks are to be provided for the chamber 
and two tide gates, built by the Coffin Valve Co., 
after designs patented by Mr. C. H. Dodd and 
Mr. Edwin McLaughlin, of Boston, have been 
hung just outside the ends of the troughs. 
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The Construction of the Rochester, Syracuse 
& Eastern Railway. 


The 36-mile line of the double track Rochester, 
Syracuse & Eastern electric railway in central 
New York, is now being built through a chiefly 
rural and suburban district. It encounters a 
somewhat irregular topography which involves a 
considerable amount of cut and fill which has 
been carefully balanced and requires the con- 
struction of many culverts and some _ short 
bridges, viaducts and some longer spans. A road 
bed and structures have been carefully designed 
fer solidity and durability under heavy traffic 
and are intended to be of first-class permanent 
construction comparable with that for steam 
roads. All cuts are made 32 ft. wide at the 
bottom with 1:1 slopes, and all fills are made 28 
ft. wide on top with 1:1% slopes. 

In all cities and towns the tracks, ro ft. apart 
on centers, are laid on standard 6xto-in. ties 8 ft. 
long and 2 ft. apart on centers which are bedded 


_1 in. deep in 6 in. of broken stone ballast about 19 


ft. in »width. Above the ballast there is a 6-in. 


Delivering Concrete from Mixer Driven by Gasoline Engine Directly Into Place, 


The items, estimated quantities and prices bid 
are as follows: 


Items. Quantities. Prices bid. 
Earth excavation and refill (main 
OMGULED | c cinie caterers elas ela setae oe 1,800 lin. ft. $8.50 
Earth excavation and refill (over- : 
flow chamber and conduit)...... 175 lin, ft. 7.00 
Rock’ excavation. << 'ie pis.cromlertace 200 cu. yds. 5.00 
Piles %p; Sacante tin bites nial eis 62,000 lin. ft. 14 
Waderdraitt::csinc a w'aun sPoae)s een 2,000 lin. ft. 75 
Concrete masonry (except backing). 2,600 cu. yds. 7.50 
Concrete masonry for backing.... 100 cu. yds. 3.75 
Iron and other metal work*....... 45 tons. 8.00 
Sheeting left in place............ 70 M. ft. B.M.. 18.00 
Earth excavation in trench below 
masonry and underdrain........ 200 cu, yds. 1.50 
Gravel filling in excavat’n in trench 
below masonry and underdrain.. 200 cu. yds. 1.50 
Crossing of Fruit St. and Cambridge- 
Derr OVErGOws tiem sence neuter 800.00 


* All metal work was furnished by the Commission. 
The price given was for hauling, caring for and placing 
the same. 


The Charles River Basin Commission consists 
of Dr. Henry S. Pritchett, chairman; Mr. Henry 
D. Yerxa and Mr. Joshua B. Holden. Mr. 
Hiram A. Miller, M. Am. Soc. C. E., is chief en- 
gineer to the commission and Mr. Frederic P. 
Stearns, Pres. Am. Soc. C. E., is consulting engi- 
neer. Mr. Frank E. Winsor, M. Am. Soc. C. E., 
principal assistant engineer, has charge of the 
designs, and Mr. John L. Howard, M. Am. Soc. 
C. E., division engineer, has charge of the con- 
struction work. 


layer of concrete which covers the bottom flanges 
of the 90-lb. American Society Civil Engineers 
standard T-rails and receives a sand cushion on 
which the brick pavement is laid in and between 
the tracks. Special bricks with beveled edges are 
laid next to the inner sides of the rails to pro- 
vide suitable flange-ways. After the bricks are 
laid and tamped the interstices between them 
are filed with 1:1 Portland cement grout, thus 
providing a very hard, smooth pavement. Out- 
side the outer track rails on each side of the 
roadway there is, in villages where the streets 
are not yet paved, a strip-of macadam 2 ft. wide 
which the railroad company is under obligation 
to replace with paving whenever the remainder 
of the streets shall be paved. 

In rural districts the distances between centers 
of tracks is increased to 12 ft., the brick paving 
is omitted, and the weight of the rails is re- 
duced to 70 lb. All rails are 60 ft. long and are 
laid with continuous rail joint splices having four 
bolts each. The road is built with a maximum 
grade of 3 per cent in some short sections but 
the average grade does not exceed 1 per cent. 
The maximum curves are of four degrees except 
where it is necessary to turn sharp corners in 
city streets. 

All of the excavation is classed as earth, but 
most of it really consists of hardpan covered 
with about 4 or 5. ft. of soft earth or loam. In 
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‘the short cuts it is excavated chiefly with the 
Western Wheel Scraper Co Company slip scrap- 
ers and with their Nos. 2 and 3 wheel scrapers. 
In some cases. a narrow cut was first dug deep 
enough for a team to pass through it. The deep- 
est part was covered by a bridge on which the 
scrapers deposited their loads. A hole was pro- 
vided in the bridge floor to allow the dirt to fall 
through into wagons in the cut below by which 
it was removed. The loam and upper soil was 
first loosened by six-horse rooters and four- 
horse ploughs, made by the Western Wheel 
Scraper Company. One of each of these ma- 
chines has sufficed to prepare the ground for an 
average of fifteen 2-horse teams scraping and 
hauling. 
‘ In several cuts the hardpan was so refractory 
that it was necessary to make in it with hand 
drills 2-in. holes 8 ft. deep and about 10 ft. apart 
longitudinally and transversely. Each hole was 
charged with six sticks of 40 per cent. dyna- 
mite which was fired and shattered the ground 
sufficiently to enable it to be excavated. In one 
cut the hardpan was hauled an average distance 
of soo ft. at the rate of 20 yds. in each 1o-hr. 
day by each of the 20 teams employed there. 
The largest cut was about 28 ft. deep and 800 


’ ft. long; the longest one was comparatively shal- 
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enabled the track to be laid for some distance 
in advance of the fill. 

A spoil car was pushed out on the track, and 
dumped so as to make as high as possible a fill 
on one side of this track in line for the other 
track. When this embankment could be no longer 
built from the level of the first track it was 
roughly leveled and the rails were transferred 
to it. The spoil was then delivered on this track 
and dumped over the brush and stringers of the 
preliminary track, eventually sinking the latter 
to the bottom of the swamp and building up an 
embankment above the surface of the water. The 
track was then laid on this bank and the re- 
mainder of the fill was accomplished in the usual 
manner eventually forming a solid embankment 
which compressed the soft material of the swamp 
sufficiently to make a stable road bed. It is re- 
markable that this method of construction did 
not appear to occasion the loss of any material 
outside the regular slope of the embankment or 
to cause any upheaval of the soft material along- 
side, a result doubtless due to the hard bottom 
which underlaid the mud and water. The mud 
was apparently not even displaced to any great 
extent by the fill but on the contrary was com- 
pressed in its original position, since the amount 
of material required for the fill did not exceed 


Work Completed Between January 3 and 27, 1906. 


low, but involved a haul of 2,600 ft. for the cor- 
respondingly long and shallow fill. In one cut 
25 ft. deep there was 5,400 cu. yds. of excavation, 
in another one of the same depth 30,000 yds. 
and in a number of cuts there was from 10,000 
to 12,000 yd. of excavation, the total amount of 
excavation averaging 20,000 yd. per mile for the 
14-mile section of the road here described. The 
heavy cuts were made with one Marion G. steam 
shovel served with 18 narrow gauge 4-yd. side 


dump cars and two Porter locomotives and by 


two No. 20 and one No. 60 Marion steam shovels 
served by 6-yd. wooden body, steel truck, stand- 
ard gauge, side dump cars drawn by one Daven- 
port locomotive, and two American Locomotive 
Co.’s 19-ton locomotives. 

A section of the road about 1,200 ft. long is 
built on an embankment 6 ft. high above the 
surface of a swamp 6 ft. deep to hard bottom. 
Here the soil was so soft that a man would 
sink in it up to his neck and in many places was 
covered with water a foot or more in depth. The 
road was economically and rapidly made across 
this place in the following manner. The swamp 
was thickly covered with brush, enough of which 
was cut to form a single tier about 15 ft. wide 
on the center line of one track. This was spread 
on the surface of the swamp and on it were 
laid two lines of green timber stringers cut in 
the vicinity. These supported the cross ties and 


the quantities estimated for the theoretical cross 
section more than about 25 per cent. 

The broken stone ballast was delivered by 26 
1o-yd. center dump cars built by the Western 
Wheel Scraper Co. There were also used for 
transporting the rail and ties, 80 ordinary 4o-ton 
flat cars and service for this work was main- 
tained by a 30-ton four-wheel locomotive, built 
by the American Locomotive Co., by two 30-ton 
four-wheel switching locomotives and by three 
other 40-ton rented locomotives. 

As soon as the grading was completed the 
track was laid on the dirt by a special train 
with one locomotive which pushed a flat car 
loaded with bolts, splices and 500 ties preceded 
by two flat cars loaded with rails. Two rails 
were thrown off and were dragged 60 ft. ahead 
by a team, half the required number of ties were 
also unloaded, put in position and the rails ap- 
proximately aligned, spiked to them and con- 
nected with the end of the finished track by half 
bolted splices. The train then advanced to the 
end of these rails and the same operation was 
repeated and so on, laying in this way as much 
as 4,000 ft. of track in one day with a gang of 
50 men. This train was followed by a gang of 
25 men who put in the remaining ties and com- 
pleted the spiking and splicing. The materials 
for the second track were, of course, delivered 
from the first track and it was laid at the rate 
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of about 5,000 ft. per day by a gang of 50 men. 

The ballast train followed the rail train and 
dumped on the center line of the track enough 
broken stone for the first lift. Ties were piled up 
three high across the track in front of the wheels 
of the rear truck in the train and as the train 
moved forward they acted as a rude scraper and 
ploughed the ballast in both directions, distribut- 
ing it on opposite sides of the track and leaving 
its surface approximately level. Afterwards a 
second train delivered the remainder of the bal- 
last and the track was accurately graded, and 
aligned. These operations required about 50 men 
for each ballast gang and 8 or 9 men to line up. 

As much of the line was remote from the rail- 
road difficulty was experienced in some cases in 
transferring to it the steam shovels and heavy 
cars which required a standard gauge track on 
which to be moved. At Palmyra half of the 
plant was taken across the Erie Canal at a point 
where there was no existing bridge to carry it. 
The temporary track laid for it intersected the 
track of the West Shore R. R. and the latter 
was cut to enable them to cross it, the line being 
restored in about an hour without interrup- 
tion to train service. Three canal boats were 
secured and being placed side by side parallel 
with the bank completely filled the channel and 
provided a sort of pontoon bridge on which and 
on stringers connecting it with both banks the 
track was laid and the plant safely moved across. 
East of Newark the other half of the plant was 
unloaded from cars on the West Shore R. R. 
track, on an embankment 6 ft. above the surface 
of a swamp. A cribwork was built up with ties 
to the required level and received the cars which 
were then safely moved across the swamp on 
a track with the cross ties supported on a gril- 
lage of longitudinal ties laid close together so 
as to cover a surface 8 ft. wide and float the 
loads. 

Most of the small waterways are crossed by 
box culverts or short span arches, both of which 
are built of 1:3:6 concrete made with Lehigh 
or Hudson Portland cement and screened gravel, 
except for the bridge seats, parapet walls and cul- 
vert covers, which are’ proportioned 1:2:4 and in 
some unimportant ‘places where it is made 1:4:8. 

At Lyons the tracks crossed’a pond on a truss 
bridge of 154 ft. span both piers of which were 
built in cofferdams made with 2-in. square-edge 
sheeting plank driven with mauls in lines 2 ft. 
apart. The cofferdam was built in the winter 
when the pond was covered with strong ice, which 
served as a convenient working platform for driv- 
ing the sheeting. In order to guide the sheeting 
two lines of 60-ft. rails 2 ft. apart were arranged 
on the surface of the ice in the lines required for 
the cofferdam walls. They were braced and se- 
curely wired in this position and occasional planks 
were driven against the rails to serve as guides. 
Lhe ice was then cut out around the rails and 
they sunk to the bottom in water 9 ft. deep. 
The remainder of the sheeting was then driven 
against the rails, which served as waling pieces, 
and penetrated through about 6 ft. of mud into 
the hard gravel bed underlying it. 

The space between the walls of the cofferdam 
was then filled with clay brought from an ad- 
jacent cut on the line and thoroughly puddled 
under water by ramming it with vertical timbers. 
This made a cofferdam so tight that it was easily 
emptied by one 6-in. centrifugal pump operated 
by a traction engine. The interior was excavated 
to a total depth of 16 ft. about 1 ft. below the 
surface of the hard gravel, which was consid- 
ered to afford an excellent foundation. Enough 
clay was in the mud overlying the gravel to make 
an almost impervious stratum through which 
very little water penetrated so that very little 
difficulty was experienced by water rising through 
the gravel inside the cofferdam as might have 
been expected. The bottom of the excavation 
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was carefully leveled and covered with a gril- 
lage of 2-in. plank on which the forms were 
built and the piers constructed of hand-mixed 
concrete. 

A viaduct at Lyons has girder spans resting 
on monolithic concrete piers extending the full 
width of the bridge. This construction included 
4oo yd. of excavation and about 1,500 yd. of 
concrete aud although the work was not staked 
out until January 3, 1906, 8 large piers had been 
completed January 27, as shown in the illus- 
tration, pedestal piers 9, 10, 11, 12 and 13 had 
been commenced, forms were erected for 9 and 
10 and concrete was being wheeled to 11 and 12. 
As this work was done in advance of the track 
laying it was considered quicker and more eco- 
nomical to mix the concrete by hand on plat- 
forms adjacent to the successive piers than it 
would have been to transport the steam mixer 
from place to place. 

The concreting was continued in zero weather 
when the water was stored in large tanks in 
which salt was dissolved in the proportion of 
2 ozs. per gal. of water. The sand was heated 
by piling it around cylindrical salamanders in 
which coke fires were maintained and salaman- 
ders were also placed in the forms on top of 
the concrete at night. In this way the concrete 
was satisfactorily laid. Considerable water was 
encountered in the foundation pits and was re- 
moved by a 4-in. centrifugal pump operated by a 
gasoline engine and by a 6-in. pump operated by 
a traction engine. 

At: Newark the tracks are carried across the 
valley by a plate girder viaduct over the creek 
and a through span truss bridge over the tracks 
of the New York Central and West Shore R. 
R. Here the viaduct columns are supported on 
10 pairs of independent pedestals and the main 
span is carried by large piers, one of which has 
a 6%4x52-ft. base, is 28 ft. high and contains 266 
yd. of concrete. 

A skew span over the highway near the Blue 
Cut between Newark and Lyons is made- with 
piers about 18 ft. apart in the clear which sup- 
port 15-in. I-beams 2 ft. apart on centers, set 
perpendicular to the faces of the piers. At each 
side of the bridge an 18-in. I-beam, parallel with 
the skew, carries the curb and receives one end 
of the short longitudinal beams which are sup- 
ported at the other end on the abutment. In 
each space between the 15-in. I-beams and parallel 
with them there are two 34-in. Ransome rods. 
The bridge floor consists of a solid monolithic 
slab of concrete 21 in. thick, which encloses the 
rods and beams and extends 3 in. above and 
below the flanges of the latter. It is additionally 
reinforced by seven lines of 34-in. rods parallel 
with the abutments. The bridge is 37 ft. wide 
over all and has a clearance of 14 ft. above the 
highway. The wing walls are from 19 to 24 ft. 
long and on one side are in the planes of the 
abutment face and on the opposite side make 
angles with it. 

' East of Palmyra the highway is carried over 
the tracks by a riveted through truss bridge of 
two spans supported on two square concrete abut- 
ments and on two intermediate vertical columns 
set in a line skewed with the abutments. The 
largest abutment has a footing 9 ft. wide above 
which it is 25 ft. high, and is made integral with 
the wing wall 80 ft. long at right angles to it. 

A small bridge over the tracks about two 
miles east of Palmyra is typical of the farm 
crossings where the road is in a cut. Here two 
pairs of steel columns 28 ft. apart are set one 
on each side of the tracks, and carry two longi- 
tudinal lines of 18-in. 55-Ilb. I-beams 15 ft. apart 
on centers. These columns support the ends of 
wide spans made with 18-in. I-beams 23 ft. long. 
These girders are web connected to 10-in. 25-lb. 
I-beams about 4 ft. apart, which carry 4x6-in. 
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longitudinal joists 12 in. apart in the clear. The 
tops of the joists are flush with the top flanges 
of the 18-in. girder and with them support the 
transverse 3-in. floor planks. The ends of the 
wide spans rest on.concrete abutments 4 ft. thick 
at the base and 2 ft. thick at the top and the 
columns have concrete pedestals 3 ft. square. 

A typical wide flat-top culvert is made with 
the concrete abutment walls’ 10 ft. apart and 29 
ft. long on their faces. At the ends these walls 
are deflected 35 degrees for an additional length 
of 7 ft., forming short wing walls to retain the 
embankment and sloping at their extremities near- 
ly to the surface of the ground. The side walls 
support twelve 7-in. I-beams perpendicular to 
them which together with 22 parallel Ransome 
reinforcement rods are embedded in the con- 
crete floor slab 12-in. thick. There is 18 in. of 
fill and ballast between the floor slab and the 
base of rail which is retained on each side by 
a parapet wall 2 ft. wide which is made integral 
with the floor slab and has the upper surface 
at rail level. 


Reinforced Concrete Culvert 


Small culverts are made with circular con- 
crete arches of 6, 8 and ro ft. spans built integral 
with the concrete side walls. For a 10-ft. span 
the arch is 18-in. thick at the crown and is made 
with a radius of 5 ft. 4 in. and a rise of 3 ft. 
6 in. It is reinforced by a layer of expanded 
metal near the intrados and the extrados is made 
parallel with the intrados for a short distance 
at the crown and thence is a tangent plane sur- 
face to its intersection with the side walls, which 
are battered 1:8. The latter are 3 ft. 6 in. wide 
at the springing line, 4 ft. 3 in. wide at the base 
and 6 ft. high. They are carried on footings 5 
ft. 3 in. wide and of variable depths. At the 
ends of the culverts the spandrel walls rise 12 in. 
above the crown and are fiuished with a rectan- 
gular coping 12 in. high and 21 in. wide which 
projects 3 in. beyond the face of the culvert. 
The side walls are continued divergent a short 
distance beyond the face of the culvert as indi- 
cated in the photographs. One of the structures 
of these dimensions contains about 54 cu. yd. 
of concrete in the 3-ft. foundations and 44 cu. yd. 
of concrete in the superstructure. ‘ 
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The culverts of 8 and 6-ft. span have arch rings 
15 in. and 12 in. thick respectively and contain 
above their foundations 92 cu. ft. and 75 cu. ft. 
of concrete respectively per lin. ft. of culvert 
measured parallel with its axis. The 1o-ft. cul- 
verts contain 118 cu. ft. of concrete per lin. ft. 

Another type of culvert, 6 ft. wide, is made 
with concrete side walls 2% ft. thick and 6 ft. 
high, carrying a solid floor slab 14 in. thick in 
which are embedded transverse 45-lb. rails 12 
ft. apart on centers. In this case the footings, 
3% ft. wide, of the side walls are connected by 
a horizontal slab of concrete 6 in. thick which 
serves as a floor for the water channel and pre- 
vents the undermining of the walls. The smaller 
culverts 2, 3 and 4 ft. square inside are made 
with similar construction except that the thick- 
nesses of concrete are less and that the roof slab 
is made from 8 to 12 in. thick and is reinforced 
only by a sheet of expanded metal just above 
the lower surface of the concrete. 

In the towns the concrete in the foundation 
for the brick pavement was mixed by a McKel- 
vey mixer mounted on a truck and driven by a 
gasoline engine. This was kept close to the 
point where the concrete was being laid and in 
many cases deposited the concrete directly in 
the excavation as it was discharged from the 
machine without the necessity of transporting 
it in wheel barrows. The concrete for this work 
was proportioned 1:4:8 and was made with 
screened gravel instead of broken stone, which 
was used in the piers for the railroad bridge. 
The foundation concrete was finished with the 
I-in. surface coat of 1:4 Portland cement mortar. 

The above described work is being executed 
under the direction of Mr. Thomas H. Mather, 
chief engineer of the Syracuse Railroad Construc- 
tion Company. The contract for all of the track 
laying and for 14 miles of the grading was award- 
ed to J. G. White & Company, Mr. T. R. Cum- 


mins, superintendent. 


Chicago Subway Mail Service. 


Mail service in the Chicago Subway was 
inaugurated Feb. 24, when bags of mail were 
delivered from the La Salle St. railroad depot 
to the general postoffice through the tunnels. 
The regular service will not be commenced, how- 
ever, until March 10, according to the contract 
between the tunnel company and the postoffice 
department of the government. Connections with 
the tunnel system have been completed at the 
postoffice and at the.La Salle St. and the Union 
depots, and machinery for automatically hand- 
ling the mail bags installed at these three places, 
so that the service between the postoffice and the 
two depots, or between the latter can be started 
whenever desired. The mail receiving and ship- 
ping rooms at all of the railroad passenger de- 
pots in the city are to be similarly connected 
and equipped, the system of tunnels reaching 


‘all of them. The entire mail traffic between the 


postoffice and the railroad depots, and the ex- 
ceptionally heavy transfer of transcontinental 
mail required in Chicago can thus all soon be 
handled through the subway freight tunnels, re- 
lieving the streets of a large number of teams, 
and at the same time much quicker and more 
economical mail service provided. 


Tue Use or Leapite in place of lead for mak- 
ing joints in water mains has been tried at At- 
lantic City with satisfactory results. This ma- 
terial is understood to be a mixture of iron 
filings, sulphur slag and salt in proportions 
which are kept a secret. It costs about twice as 
much per pound as lead but weighs about one- 
sixth as much per cubic foot, so that its cost per 
joint is only about one-third that of lead. In 
using it no calking is necessary, which is a source 
of another saving. 


. 
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The Belle Fourche Dam, Belle Fourche 
. Project, South Dakota. 


By Raymond F, Walter, Project Engineer, U. S. Re- 
clamation Service. 


The Belle Fourche dam, now being built by 
the U. S. Reclamation Service in the western 
part of South Dakota, will be one of the largest 
earthen dams in the United States. It is designed 
to be 6,500 ft. long at the crest, 115 ft. in maxi- 
mum height, and will require for its construction 
about 1,600,000 cu. yds. of materials. 

The reservoir to be formed above the dam will 
have an area of 8,000 acres at high water, and an 
available capacity of about 200,000 acre-feet, or 
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the dam site were thoroughly prospected, both by 
open-test wells, and by earth-auger borings, and 
were found to consist of a very heavy adobe clay 
overlaying a slaty shale. The transition from clay 
to shale is gradual, and, as revealed by an artes- 
ian-well boring just below the dam site, the shale 
does not become a hard rock until a depth of 
several hundred feet is reached. The underlying 
shale follows closely the surface contours, at a 
depth of from 20 to 4o ft., as shown upon the 
profile, Fig. 1. 

Aside from occasional gravel pockets beneath 
the creek bed, the earth is a hard, compact, im- 
pervious clay, weighing from 105 to 110 lb. per 
cubic foot in place when sufficiently dry to be 
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soil soluble salts of lime and magnesia to an ex- 
tent making this material undesirable for use in 
the embankment. There exists, however, within 
easy hauling distance many times the required 
amount of materials, in every way admirably suit- 
ed for making a large embankment. 

Small scale experiments show that about 7 per 
cent. of water, by weight, is ordinarily required in 
compacting; and that very thorough ramming or 
rolling is necessary to break up the small, hard 
lumps in the soil excavated. In order to insure 
a homogenous mass the specifications require that 
the embankment shall be thoroughly rolled in 6- 
in. layers with steam rollers weighing not less 
than 200 |b. per linear inch of roller rim. 
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With such an enormous 


65,000,000,000 gallons. 
storage, and with the attendant possibility of an 
appalling disaster should a break occur in the 
embankment, it was essential that the most care- 
ful attention should be given to all of the prelim- 
inary work of exploration and examination of the 
dam site; to the designing of the structure and 
its appurtenances; and to the drafting of a rigid 
set of specifications adapted to secure the most 
substantial construction without burdening the 
contract with requirements liable to increase un- 
duly the cost of the work. 

Materials Underlying Dam.—The materials on 


Te 


friable. Next to solid rock, a material better 
adapted to resist the passage of water could hardly 
be imagined; and as the present creek channel, 
within the limits of the dam, is to be excavated 
to the shale and refilled with impermeable ma- 


terials, it is expected that sepage will be inap- 


preciable. 

Materials for Dam.—The soil upon all of the 
area adjacent to the dam site is similar in char- 
acter to that just described, with the exception 
that on the ridges at each end of the dam it is 
somewhat denser than on the flats, while on the 
high ground to the south there are found in the 


Fig.2. General Map Showing the 
Topography at the Site of the Belle 
Fourche Dam and Distribution Canals 


In order to protect the slopes from erosion, the 
downstream face of the embankment will be sur- 
faced with a 12-in. layer of loam stripped from 
the site of the borrow areas, and will be sown 
with varieties of dry land grasses. The upper or 
water slope will be covered by concrete paving 
bedded upon a 2-ft. layer of gravel, as hereinafter 
described. 

Plan and Section of Dam—The alignment of 
the dam, as indicated by the plan (see Fig. 2), is 
not straight, but comprises three tangerits con- 
nected by curves of 4° and 3°, respectively. This 
form of alignment fits the topography much bet- 
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ter than any straight line or curve of constant 
radius, and, as computed, it also shows a saying 
of many thousand yards over any alternative lo- 
cation. 

The section of the dam embankment (see Fig. 
3) has the following dimensions: Top width, 20 
ft.; upstream slope, I to 1 for 15 ft., or to high 
water elevation; thence 2 to 1 for 55 ft. to a berm 
8 ft. wide, at a point 10 ft. below low water; 
thence 3 to 1 for the remaining distance. The 
downstream slope is 134 to 1 for the first 30 
ft., to a berm 8 ft. wide; thence 2 to 1 for the re- 
maining distance, but with a second 8-ft. berm 30 
ft. below the first. © 

The prevailing slope of 2 to I was selected for 
the following reasons: (1) With the great weight 
and impermeability of the materials, the section 
fully satisfies the requirements of stability and 
water-tightness. (2) Under the intense rainfalls 
which sometimes occur in this locality for short 
intervals slopes steeper than 2 to 1 are liable to 
be seriously eroded. It is difficult to find even 
short natural slopes which retain a sod on a slope 
steeper than this. (3) When the embankment ma- 
terial is exposed to standing water, it swells slight- 
ly, and becomes very slippery. With the protection 
afforded by the paving, and gravel on the water 
slope, it is not anticipated that any softening of 
the clay surface will be possible. But even in 
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such an opportunity for violent wave action in 
addition to the great thrust from the winter ice 
sheet several feet in thickness, the paving must 
be able to withstand the most severe punishment 
without danger of failure. 

Whatever the character of the wearing surface, 
be it stone or concrete, it must be bedded on 
gravel, rather than on the clayey soil forming the 
body of the embankment. The nearest quarry 
from which suitable paving stone can be obtained 
is 20 miles by rail from Belle Fourche, or 32 
miles from the dam site. The stone is a sand- 
stone of medium hardness, and not of a desirable 
quality for use as paving on such an exposed 
site. An extensive deposit of hard, clean gravel 
and sand was found about 6 miles from the dam 
site, hence concrete was selected as being the 
best and most economical paving under the cir- 
cumstances. 

Having decided upon the use of concrete, studies 


and estimates of cost were made for large sheets - 


of reinforced concrete, and for thicker and small- 
er plain concrete blocks, both made in place upon 
the slope; also for plain concrete blocks of about 
3,000 lb. weght, to be made at a permanent mix- 
ing plant and, after seasoning, to be placed upon 
the slope by movable derricks, as the work pro- 
gresses. 

The latter method was figured as being some- 


EMBANKMENT BUILT IN 6 INCH LAYERS 


_ _PRESENT_ SURFACE 


Vor. 53, No. 9. 


or to crowd them into the backing. If it ever 
should be necessary to make any repairs, a de- 
fective block can be cut out very readily, and 
can be replaced by one built in place. At the foot 
of the paved slope will be a concrete retaining 
wall to distribute* the thrust due to the weight 
of the paving; and where the wall is built upon 
embankment, it will be reinforced by a line of 
piles bearing against its lower face (Fig. 4). Above 
the high water line the concrete is reduced in 
thickness from 8 to 6 in., and is studded with 
a double row of projecting headers (Fig. 3B), 
designed to break up the waves and to reduce the 
height to which they will mount the slope. At 
the top of the paving is a low curb wall con- 
taining 6-in. drains at intervals, so that any spray 
which may reach the roadway will drain back 
into the reservoir. 

Drainage on Downstream Slope—At intervals 
of 30 ft., measured vertically, 8-ft. berms have 
been provided for the downstream slope of the 
embankment, upon which will be built concrete 
gutters (Fig. 5), having a carrying capacity 
equivalent to I in. of rainfall collected in 10 min- 
utes from the tributary area. 

Reservoir Outlets—Water for use in irrigation 
will be delivered through two canals on opposite 
sides of the valley, having capacities of 650 and 
290 cu. ft. per second. The canals are to be 


Fig. 3. Detail of Paving, Typical Section of Dam and Plan of Paving 


such event a 2 to 1 slope with retaining wall and 
piling at its foot should be flat enough to hold the 
paving from slipping. 

The water slope, above full reservoir level, is 


made steeper, to better turn the waves, and is pro- . 


vided with a toothed concrete breakwater to fur- 
ther this end (see Fig. 3A). The upper portion 
of the downstream slope is made steeper than 2 
to I as a matter of economy in material; for 
here there is no danger of washing as a result 
of stoppage or overcharging of the berm drains, 
and if erosion commence from any other cause, 
it can be repaired by materials delivered from 
the roadway at the crest of the embankment. 
Rainwater drains are provided on the downstream 
berms, with connecting gttters for leading the 
rainfall to the foot of the slope. 

The upstream berm, after the reservoir is filled, 
will always be submerged at least 10 ft.; hence 
the 3 to 1 slope below it, not being subject to 
wave action, will be left unprotected, except for 
such temporary protection as is required during 
the filling of the reservoir. This slope will be re- 
inforced, however, by deposits of waste materials 
not included in the section of the dam embank- 
ment. 

Paving on Upstream Slope—The stretch of 
open water above the dam will vary from 2 miles 
in length at low water to 8 miles at full reser- 
voir level; the long axis of the reservoir being in 
the direction of the prevailing winds. With 


what the cheapest, and has several decided ad- 
vantages. The specifications require that after 
the second season the work shall be conducted so 
that the reservoir may be kept partly filled, and 
the storage increased as the dam grows higher. 
To meet this condition, the paving will have to 
follow closely the progress of the embankment, 
and therefore will be placed from time to time in 
comparatively small lots. This would mean, in 
the case of blocks made in place, the frequent dis- 
organization of the concrete forces, with the con- 
sequent decrease in efficiency, and variation in 
the quality of the product. Where blocks are made 
at a permanent mixing plant, they can be manu- 
factured uninterruptedly under uniform conditions 
for weeks or months at a time; and can be trans- 
ported by night from the storage yard to the 
point where they are to be laid, making use of 
the tracks upon which the dirt trains are hauled 
during the day time. 

Blocks are to be laid with open face joints not 
exceeding 14-in. in width at any point, and are 
to be thoroughly bedded upon a 12-in. layer of 
screened gravel; the latter in turn being supported 
by a 12-in. layer of natural gravel protecting the 
earthern embankment. This arrangement provides 
for thorough drainage behind the paving, without 
the danger of washing out the sand contained in 
the lower layer of gravel, or of softening the em- 
bankment itself, while at the same time there is 
no opportunity for ice to get a grip on the blocks, 


served through reinforced concrete conduits 
(Fig. 6) built beneath the dam embankment in 
trenches cut in the natural ground; the flow be- 
ing regulated by rectangular sluice gates (Fig. 7), 
operating through gate chamber wells to be con~ 
structed near the center of embankment. 

The reservoir cannot be drawn below EI. 2,927, 
and in practice seldom will be lower than El. 
2,930, or 10 ft. above the bottom of the canals. 
There still will remain about 15,000 acre-feet or 
5,000,000,000 gallons in the reservoir when at this 
elevation, and this amount of storage can be dis- 


placed by sedimentary deposits before the useful - 


capacity is encroached upon. 

No blow-off has been provided for the lower 
portion of the storage~ prism, as it would be 
practically useless for removing sediment, owing 
to the large size of the vertical water section, 
which would dissipate almost immediately the 
velocity of the outgoing stream. 

Gate Houses.—Small concrete gate houses, with 
tiled roofs, will surmount the gate chambers, and 
will protect the ball bearing gate stands, stop 
plank hoists, etc. 

As a safeguard, in case of accident to the gates, 
stop plank grooves have been provided on the up- 
stream side of the latter (Fig. 85). Stop planks 


will be made in panels 4 ft. high, of oak weighted . 


with iron to make them heavier than water. They 
will be stored at all times in the gate houses, 
ready for placing with the help of a 2-ton chain 
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Its crest, 300 ft. long, will be 15 ft. lower than 
the top of the embankment, and under a little 
more than 2 ft. head can pass floods of 3,000 cu. 
ft. per second. The difference in elevation be- 
tween the crest of the waste weir and the creek 
channel below the dam is about 100 ft. In ad- 
dition to a 15-ft. drop at the weir, this difference 
in elevation is overcome by five drops in a chan- 
nel about one mile long, and wholly in excavation. 

The drainage area of Owl Creek above the dam 
is about 170 square miles, from which a maximum 
flood discharge of 3,000 cu. ft. per second is pos- 
The drainage area is a very flashy one, 
however, and for the larger part of the year 
there is no running water in the creek. After a 
severe storm the creek will flow in large volume 
for a short period, dwindling to nothing in a 
few days, the maximum rate prevailing for but a 


The water supply for the reservoir is from the 
Belle Fourche River through a supply canal 
(Figs. 1 and 2), 6% miles long, which will carry 
1,635 cu. ft. per second, or about 3,300 acre-feet in 
This can be shut off when the reser- 
voir is full at short notice. 

So great is the storage capacity in the upper 
portion of the reservoir prism, that for nearly 
three days it would take a continuous flow of 
3,000 cu. ft. per second before the surface would 
be raised the 2 or 3 ft. required to discharge that 
amount through the waste weir. A long-continued 
flood of this volume could undoubtedly not be 
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hoist (Fig. 9), and trolley, to be installed in each 
Pe gate house. 
i 1 Py 3 . . 
Waste Weir and Channel_—A semi-circular con- 
crete waste weir (Fig. 10) is to be located in 
. excavation a few hundred feet north of the dam. 
be SCALE 
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Figs. 6 and 7. Details of North and South Outlets 
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caused by Owl Creek; but it has been assumed 
that for a time the full capacity of the inlet canal, 
1,635 cu. ft. per second, may be augmenting the 
flood flow of Owl Creek. Under such conditions 
the flow provided for may be encountered, but 
the flow certainly can never exceed the safe ca- 
pacity of the waste weir and waste channel. 

Specification Requirements.—In addition to the 
details of construction already noted, the fol- 
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Extension of the Metropolitan ‘Life Insur- 
ance Building. 


One of the largest office buildings in New 
York City or in the world is that of the Metro- 
politan Life Insurance Co. at Twenty-third St. 
and Madison Ave., New York. It now “covers 
the whole of a large city block about 200 ft. 
wide and 425 ft. long except for one corner 
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Details of Construction in the New Metropolitan Life Building 


lowing are some of the important requirements: 
The entire area beneath the dam embankment 
will be plowed, after having been cleared of all 
brush, weeds and roots; and all pockets of mud 
or silt will be removed, as well as the material 
in the present creek channel. A center cut-off 
trench will then be excavated to a depth of not 
less than 5 ft., and of a width sufficient to admit 
of rolling the backfilling with a steam roller. Upon 
the foundation thus prepared the embankment will 
be built up in 6-in. layers, the latter having a 
transverse slope of 3 per cent. draining towards 
the reservoir, and being subjected to watering 
and rolling to secure the maximum density. 

Work upon the embankment will be discontinued 
when either the embankment or the materials to 
be placed in it are frozen, or when the embank- 
ment is too wet to permit of satisfactory consoli- 
dation. = 

Before placing the loam or the gravel facing 
upon the embankment the latter will be trimmed 
to a plane surface, having all loose or uncom- 
pacted materials removed; and this work will be 
paid for as a separate item of the contract. 

Four years is the time allowed for the com- 
pletion of the dam, and the contract price is 
$879,000. 


A Buitpinc Trape Suir of more than ordi- 
nary interest has been brought in the United 
States Circuit Court by the National Fire Proof- 
ing Co. for an injunction restraining the Master 
Builders’ Association from conspiring with a 
number of bricklayers’ unions to drive it out of 
business in New York City. These parties have 
made an agreement, it is said, forbidding the sub- 
letting of fireproofing work “if the labor in con- 
nection therewith is bricklayer’s work as recog- 
nized by the trade.” Another clause reads: “No 
member of the bricklayers’ union shall work for 
anyone not complying with all rules and regula- 
tions herein agreed to.” The result of these 
clauses, the company states, is to prevent it from 
putting in its own tiling in the city. It has strikes 
,on ten buildings in consequence, although it em- 
ploys only union labor and pays full union wages. 
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On the opposite side of, Twenty-fourth St., de- 
tached from the Metropolitan building, there is 
a 75x100-ft., 16-story building, with three mar- 
ble facades, which was designed as a printing 
house for the exclusive use of the Metropolitan 
Insurance Co. It is of exceptionally massive 
steel cage construction, with all floors propor- 
tioned for loads of 350 lb. per square foot, and 
braced to resist the vibration and stresses from 
reciprocating printing machinery in every story. 
It is connected with the main building on the 
south side of the same street by a double-deck 
tunnel built of the reinforced concrete construc- 
tion. 

Work has been in continuous progress for the 
last four years in the erection of the printing 
house and the last section of the main build- 
ing, and has employed a maximum force of 
about 600 men. 

All but the first section of the main building 
is of steel cage fireproof construction through- 
out and contains about 11,000 tons of structural 
steel work, 18,000 cu. yd. of concrete, more than 
12,000,000 bricks, and about 309,000 cu. ft. of 
marble from an old quarry at Tuckahoe, N. Y., 
which was opened over 50 years ago by Mr. A. T. 
Stewart. All the steel was delivered by trucks 
in Twenty-third St., and was hoisted into posi- 
tion and erected by three guyed boom derricks 
of 20 tons capacity, assisted by jinniwink der- 
ticks which were easily moved from place to 
place to handle the lighter members. Ordinary 
breast derricks, served by the large boom der- 
ricks, were also used to handle the stone work 


The Extension of the Metropolitan Life Insurance Building, New York 


which is occupied by Dr. Parkhurst’s 75x150-ft. 
church. A new church for him is nearing com- 
pletion on a nearby site. When it is finished 
the old one will be removed, thus enabling the 
Metropolitan building to be extended over its 
site and completely occupy the block. This 
building has been erected in three different sec- 
tions in as many successive operations covering 
a period of about 15 years since the first section, 
known as No. 1 Madison Ave., was built. This 
portion has’ an area of 150 x 125 ft. The 
I15x199-ft. second section was built on Twenty- 
fourth St. about 9 years ago, and the third sec- 
tion, which completes the block, is now under 
construction. All the sections have a uniform 
height of 11 stories above the street level and 
two stories below it. 


in the outer walls. The erection of the steel 
work in the new portions of the building was 
not unusual except that the columns of the 
printing house are extremely heavy, requiring 
unusually powerful derricks to handle them and 
were so accurately finished and carefully assem- 
bled that all connections were easily made. 
Very little temporary bracing or displacement 
of members was necessary, which was fortunate, 
because the weight and rigidity of the frame- 
work were so great that it would have been dif- 
ficult to deflect it materially. 

Some of the erection was, however, difficult 
and unusual where it was necessary to remodel 
or reconstruct portions of the work already 


_ built. An example of this was afforded by the 


alterations in the first section of the building, 


ae 


Marcu 3, 1906. 


where it became necessary to remove three hy- 
draulic elevators and two stairways and replace 
them by six new passenger elevators and one 
stairway. This involved practically removing a 
50x50-ft. section of the old building and re- 
building in its place a corresponding structure 
which amounted essentially to building a 12- 
story steel cage building inside another build- 
ing. The framework of the new portion of the 
building was, of course, carefully connected to 
and adjusted with that of the old building. This 
involved some rather difficult and delicate opera- 
tions since the old structure was of the former 
type of office buildings in which the heavy brick 
walls were self-sustaining and also carried the 
ends of floor beams and girders. This feature 
necessitated a considerable amount of work in 
shoring the wall ends of the beams and girders 
in all stories. During this operation, which 
lasted 6 months, an average force of I00 men 
worked 20 hrs. per day in two to-hr. shifts. 

In one place in the first story it was necessary 
to cut an opening 11% ft. wide and 15 ft. high 
through a 3-it. brick wall to provide an en- 
trance to the post office extension. This wall 
was II stories high above the opening and car- 
ried an estimated load of 44,000 lb. per lin. ft. 
In order to avoid all danger of cracking or set- 
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pump. Advantage was taken of the abundant 
flow of ground water to use it for the sanitary 
supply of the building. Large wells were sunk 
under the sub-cellar and from them the auxili- 
ary supply is pumped to roof tanks, where it is 
stored for flushing purposes. 

The general level of the cellar bottom is about 
22 ft. below the street, but the footings for the 
columns are in many cases carried to bed rock 
several feet lower, in rectangular pits covered 
at the bottom with at least 6 in. of 1:2:4 con- 
crete made with Northampton Portland cement. 
On the concrete brick piers are built up to the 
bottom of the general excavation where they 
are covered with a uniform sheet of waterproof- 
ing which extends over the whole area of the 
building and is placed between the piers and the 
granite pedestals above them which support the 
columns. The spaces around the piers are back 
filled with selected materials, and the bottom 
of.the general excavation is covered with a 12-in. 
layer of broken stone containing a system of 
subsoil drainage pipes, on which is laid a con- 
crete floor of an average thickness of 12 in. with 
its surface in the plane of the tops of the granite 
bases of the columns. 

The building is notable not only for the 
strength and accuracy of its construction, but 


Views of Fireproofing Employed for the Steelwork of the Metropolitan Building, New York. 


tlement in the wall and to properly bridge the 
opening, the latter was provided with massive 
steel lintel beams supported on steel columns, 
all of which were put in service before the open- 
ing was made, thus avoiding any danger of 
leaving the wall unsupported at any time. 


Vertical slots were cut half through one face 


of the wall on both sides of the opening and at 
the bottoms of them new brick foundation 
piers with large cap stones were placed. On 
them pairs of 1I5-in. vertical I-beams were set 
on steel base plates. They were provided with 
steel cap plates which were wedged up against 
the under side of the brick work and the spaces 
carefully grouted. Corresponding vertical slots 
were cut in the opposite face of the wall, com- 
pleting and removing sections through it, and 
in them two pairs of 15-in. I-beam columns were 
set adjacent to those already in place, in the 
manner previously described. 

After the columns were thus inserted in the 
wall a horizontal slot was cut half through the 
brick work connecting their tops on one side 
of the wall. In this slot was seated two 15-in. 
I-beams connected by cast-iron separators and 
bolts and supported at their ends on horizontal 
shelf angles reinforced with bearings on the 
upper ends of vertical distributing angles riveted 
to the column-beam flanges. The upper flanges 
of the horizontal beams were wedged against 


the brick work so as to take a considerable load 
from the wall above. A corresponding slot was 
made on the opposite side of the wall and: two 
beams were inserted there as already described 
thus completing the steel framework around the 
opening. ’ 

The spaces between the flanges of the column 
and lintel beams were filled with grout until the 
latter escaped through tell-tale holes left in the 
beam webs and thus gave assurance that all 
spaces were completely filled. The brick work 
between the columns and under the lintel was 
then removed, cotmpleting the doorway. These 
operations were necessarily rather slow and tedi- 
ous and occupied four men there about two 
months. 

Another interesting operation was the removal 
of an interior steel-lined chimney which re- 
quired new framing in all the flors through 
which it passed. It was replaced by a new 8-ft. 
steel stack previously built in the adjoining new 
‘section of the building to serve the 3,o00-h.-p. 
battery of Babcock & Wilcox boilers installed 
there for the power plant of the whole building. 

The excavation of the building was carried 
down into the solid rock where considerable 
water was encountered which, during construc- 
tion, was delivered from different pits by steam 
syphons to one large sump. The sump was 
drained to the sewer by a large Worthington 


for the great pains taken to provide a thorough 
system of protection for all the steel work against 
corrosion and fire. It was painted in the field 
by journeyman painters, who took special pains 
to have the thoroughly cleaned and 
completely covered with paint. All of the ex- 
terior walls were carefully damp-proofed after 
all joints and openings in the masonry had been 
filled with cement. AIIl exposed steel work was 
thoroughly covered with 2:1 Portland cement 
mortar at least % in. thick, applied carefully 
to all portions of the painted surface with a 
trowel or slushed in behind the brick work. 
The interior spaces in all lattice columns and 
box girders were filled solid with concrete and 
thoroughly sealed with cement grout or mor- 
tar. All exposed or bottom flanges were en- 
cased in special cast blocks made with Portland 
cement. The basement, sidewalk and first story 
floors of the main building have segmental 
arches made with rings of red brick laid in 
cement mortar. The other floors are of the 
Rapp type with Roebling ceilings. Great care 
was taken to avoid contact between the steel 
surface and the cinder concrete used in filling 
over the floor arches. To this end stone con- 
crete was filled in adjacent to the beams and 
girders before the cinder concrete was laid be- 
tween them. The printing house floors are 
made of concrete reinforced with Ransome bars, 


surface 
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the beams and girders are encased in concrete. 

The flange protection blocks for all girders in 
section three of the main building were made 
with one part Atlas Portland cement and two 
parts coarse sand, cast in steel moulds 15% in. 
long. Each piece was slotted as indicated in 
the sketch so as to enclose % of the flange. 
They were put together in final position on the 
girder and the slot left between them was filled 
with a very soft 1:2 cement mortar, which ad- 
hered strongly to them and fastened them se- 
curely to the flange. At each joint between the 
ends of these flange blocks the regular steel 
clips and ceiling bars were placed and were not 
only enclosed in the joint mortar, but served as 
ties for the cross joints. 

The box girders were filled with concrete and 
their lower flanges were protected by the slot- 
ted blocks, which served also to support hollow 
tiles built up flush with their vertical edges. 
The spaces between these tiles and the girder 
webs were flushed with Portland cement mor- 
tar. The lower edges of the flange blocks were 
slightly beveled so as to key with the flat terra- 
cotta slabs protecting the bottom cover plate of 
the girder. 

Columns were enclosed with 2-in. hollow tile 
laid with % in. of cement mortar between them 
and the steel. On the sides of the columns addi- 
tional courses of tile were laid to fill the spaces 
between the flanges. In most cases pipe lines 
were run adjacent to the columns outside of the 
regular fireproofing tiles and were enclosed in 
extensions of the latter which virtually formed 
separate ducts independent of the column fire- 
proofing, but arranged compactly with the latter 
so as to be included in a single rectangular cross 
section. Wherever pipes and conduits pass 
through the cinder filling the latter was always 
replaced by cement mortar, thus avoiding con- 
tact between the steel and the cinders. 

Where the long horizontal expansion loops 
of the steam pipes occur in the floors they oc- 
cupy’ nearly all of the space between the ceil- 
ing and floor lines leaving a thickness of only 
about 4 in. available for the arch and finished 
floor. Special construction was necessary for 
these places and in order to select the most de- 
sirable type experiments were made at the site 
with reinforced concrete slabs, 2 in. thick built 
between steel beams 5 ft. apart on centers and 
reinforced by T-bars 8 in. apart on centers. 
One slab was made with ordinary rolled 2x2x4- 
in. T bars, and the other slab was reinforced 
with sheet metal T bars of the Rapp type. The 
slabs were subjected to a 14,000-ft.-lb. impact 
test made by dropping a 9oo-lb. load. 

This was applied over two of the rolled T-bars, 
one of which was considerably bent, and a por- 
tion of the concrete 8 in. wide and 30 in. long 
was displaced. In the case of the other slab, 
two of the sheet metal T-bars were considerably 
bent and a 16x24-in. hole was made in the con- 
crete. The load, which consisted of an oil bar- 
rel filled with wet sand, did not penetrate the 
slab in either case. The oil barrel was sup- 
ported on the edges of two parallel planks set 
as far apart as possible. The planks being 
simultaneously tipped over allowed the barrel to 
drop without obstruction to the slab. The slabs 
also sustained without injury a dead load of 
800 Ib. concentrated on one square foot at the 
center of the span. From these tests it was con- 
cluded that floors of this construction would be 
safe under the impact caused by a 1,000-lb. office 
safe falling 15 ft., about one story, and the type 
with the rolled T-bars’ was adopted. 

The steel-frame deck houses on the main roof 
have walls built of hollow terra-cotta furred 
with 2x7%-in. horizontal wooden strips 18 in. 
apart, plastered with Portland cement mortar 
and painted two coats of damp proofing before 
the: copper’ sheathing was applied, thus insuring 
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a perfectly tight, warm and dry structure. 

During construction the sidewalks were pro- 
tected by bridges of unusually large capacity 
having 12x12-in. vertical posts 9 ft. apart longi- 
tudinally and 15 ft. apart transversely, which 
supported longitudinal caps made with single 
12x16-in. timbers or 15-in. I-beams longitudinal- 
ly knee braced to them with 4x12-in. planks. 
The vertical posts on Fourth Ave. were about 
38 ft. long and at first extended to the bottom of 
the subway trench. Afterwards they were cut 
off at the bottom and seated on the roof of the 
subway structure. Elsewhere they were only 
about 18 ft. long and were seated on a con- 
tinuous line of 12x12-in. longitudinal sills. The 
caps carried 6x12-in. transverse beams at panel 


points and 4xi2-in. intermediate transverse 
beams 12 in. apart on centers. These were 
decked with 3-in. planks, making a floor 


which had a capacity of 1,000 lb. per square foot, 
and was used for storing large quantities of 
stone and some steel and other materials. Be- 
low it there was a light sloping roof of 1-in. 
matched boards water-proofed with tarred paper 
and having a clearance of about 12 ft. above the 
sidewalk. 
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a 1%-in. anchor bolt was driven against this 
wedge and expanded by it until it exactly 
filled the hole. 

Where the connection was made to the face 
of the old wall on the inner columns expan- 
sion bolts were not necessary, the holes being 
drilled through the wall and the bolts. secured 
with nuts and washers on its inner face. The 
outer ends of the anchor bolts were connected 
by sleeve nuts with hook bolts engaging the 
columns. The expansion bolts having only %4-in. 
clearance in the holes, were made to cut their 
own way into the wall when engaged on the 
wedge by having their ends sharpened gouge 
shape. The amount of brick thus cut out of 
the walls was carefully calculated and the bolts 
and wedges were made of the exact lengths re- 
quired to make the space between the square 
corners at the butt of the wedge and the walls 
of the circular hole exactly equal to the vol- 
ume of the brick cut out by the bolt, thus filling 
the cavity solid and packing the wedge tightly 
in place. The calculations were so carefully 
made that when the anchor bolts were driven 
in with heavy wedges* striking on driving cap 
nuts which protected their outer ends, they 


Framework for False Ceiling and Cirder Fireproofing, Metropolitan Building, New York 


During the construction of the last section of 
the building the upper ten stories of the steel 
framework, about 275 ft. long, was exposed along 
Twenty-third St., above the sécond story of the 
masonry in the outer walls and remained in this 
condition from summer until winter. The 
maximum difference of temperature probably 
amounted to 70 or 80 degrees and caused the 
steel to contact so much, about 1% in. in total 
at the top, that it opened the joints in the ma- 
sonry in the exterior walls between the new and 
the old portions of the building. In order to 
remedy this and prevent the concentration of 
temperature movements from affecting the ma- 


‘sonry, the new columns were anchored to the 


old heavy walls which were very thick and 
as already mentioned supported themselves and 
part of the floor loads in the old building. 
Where the connection was made to the ends of 
the walls 2-in. horizontal holes 3% ft. deep were 
drilled in them at every floor. In each of 
these holes there was placed a steel bar 1% in. 
square at one end and sharpened to a wedge 
shape point at the other end. The split end of 


penetrated only as far as had been calculated 
and stopped within 1% in. of the marks which had 
been. previously made at the point where they 
should enter the brick work. There were in all 
32 anchor bolts with a calculated strength of 
90,000 lb. each. 

The original building and the successive ad- 
ditions were designed by Messrs. N. LeBrun & 
Sons, architects. The general contract -was 
awarded to V. J. Hedden & Sons Co., Mr. J. B. 
Clermont engineer in charge. The structural 
steel work was furnished by the J. B. & J. M. 
Cornell Co., by the Jackson Architectural Iron 
Works and by Levering & Garrigues. The Re- 
inforced Construction Co. was the contractor for 
the floor construction and fireproofing in the 
printing house and for the lining of the tunnel 
under 24th St. 


TANTALUM Pens have recently been patented 
by Siemens & Halske, whose investigations in 
connection with the tantalum incandescent lamp 
have furnished much new information concern- 
ing this hitherto neglected element. 
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The Construction of the Tunnel Line Sew- 
er at Syracuse, N. Y. 


The tunnel line sewer in Syracuse, N. Y., has 
been delayed for many years by litigation, but 
legal obstructions have recently been removed and 
construction is now under way. ‘This sewer, 
which is a separate system, takes the sewage of 
an area of about 600 acres, all sewage and storm 
water being concentrated at the intersection of 
Belle Ave. and Teall Ave. The tunnel line takes 
only the sewage or dry weather flow, carrying it 
from the concentration point or upper end of tun- 
nel, through a 33-in. brick sewer, part in open 
cut and part in tunnel, to Grumbach Ave., con- 
necting at this point with the Butternut St. sys- 
tem, which has its outlet in Onondaga Creek. The 
storm water is carried from the concentration 
point at Belle Ave. and Teall Ave., through a 66- 
in. brick sewer, out Teall Ave. to Ley Creek. The 
tunnel line sewer is entirely through private prop- 
erty, with exception of street crossings, and has a 
total length of 4,717 ft. From the outlet at Grum- 
bach Ave. it approaches the tunnel proper with 
470 ft. of open cut, followed by 1,135 ft. of tun- 
nel, 495 ft. of open cut, 670 ft. of tunnel, 1,240 ft. 
of open cut, 280 ft. of tunnel, and then 431 ft. of 
open cut to the intersection of Belle Ave .and 
Teall Ave. It was the judgment of the designing 
engineer that in cuts under 30 ft. it would be 


THE ENGINEERING RECORD. 


and the working distance can be made as great as 
zoo ft. advantageously. The operator standing 
on the movable car in full view of the trench 
and buckets below, signals the engineer to raise 
or lower buckets or to move forward or back- 
ward on the track. Buckets are distributed along 
the trench and when filled the operator drops an 
empty one, picks up a filled bucket, carries it 
backward, dumps the material over the com- 
pleted trench and is ready to repeat the Operation 
with very little loss of time. In this manner 
the completed trench is backfilled as rapidly as 
work is finished. As soon as it is desired to move 
the machine ahead, rails are laid and the engine 
house moves forward under its own power, carry- 
ing the A-frame also, and when the desired dis- 
tance is reached the engine house and A-frame are 
blocked. 

The open-cut sewer was completed to Station 
4 + 04 on Jan. 4th and the distance from Station 
4 -+ 04 to 4 + 70 was left open to allow engineers 
to have distance for a backsight to project the line 
into the tunnel. This will soon be built to within 
a few feet of the tunnel opening, allowing only 
room enough to raise and lower buckets. The 
first material encountered in the open cut was 7 
ft. of loam clay and gravel; underlying this was 
a stiff red clay containing stone and gravel vary- 
ing in size from pebbles to 12-in. boulders. The 
sewer is 33-in., two-ring brick, the invert is sec- 
ond-quality paving brick and the arch ordinary 
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each hole loaded with one stick of 60 per cent. 
dynamite, all four holes being blown at once. This 
threw down the whole face and was very effect- 
ive, but was found to be too heavy for the timber- 
ing to stand safely, and now the two upper holes 
are loaded with 1% sticks and fired, and after the 
muck is cleared away the two lower ones are 


loaded with same size charge and fired. The re- 
sult is satisfactory. 
The depth of holes varies from 2 to 2% ft. 


The face is thrown out to a depth of 18 in. to 2 
ft. at each blast. 

All timber used in the tunnel is beech and 
consist of 6 x 6-in. frames, spaced about 5 ft. 
centers, as shown on the sketch. The cap and 
sill are 5 ft. 6 in. long and uprights are 6 ft. 6 in. 
long, with the corners temporarily strapped with 
angle iron, which is withdrawn after the over- 
head and side bridging has advanced two frames. 
On top of frames at either corner are 2 x 4 x 6-in. 
blocks, on which are placed 2-in. planks, thus leay- 
ing a 2-in. space for driving the top bridging. 
Owing to the fact that each successive overhead 
sheeting or top bridging offered a pressure to the 
plank placed on the blocks, the edges of the plank 
were beveled and the top bridging pointed, to allow 
the top bridging to enter the space, and after once 
entered, the driving progressed satisfactorily. The 
beech timber, on account of its toughness, does 
not splinter or brush, as is the case with most 
other available material. 
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cheaper to work in open cut than tunnel, and the 
original plans were made on this basis, but the 
contractor has decided that if present conditions 
continue he will build the distance of 495 ft. be- 
tween the two longest tunnels in tunnel construc- 
tion instead of open cut, as originally designed. 
All tunnel openings are permanent, that is, man- 
holes are built at these points and are also placed 
where the tunnel line intersects streets, at dis- 
tances of about 600 ft. apart. Work on the open 
cut sewer from the outlet at Grumbach Ave. was 
commenced Dec. 2nd. The cuttings ran from 13 
ft. at Station o to 32 ft. to sub-grade at the tun- 
nel opening or Station 4 + 70. 

The method pursued through the open cut was 
ordinary sewer construction, the first 6 ft. being 
cast by hand and from this point to sub-grade 
the material handled with a trenching machine. 
This machine was built by Mr. Thomas Marnell, 
the contractor, and consists of a track extending 
over the trench, spiked to cross ties laid on the 
ground. The rails are laid just inside the line 
of trench, so that a bucket car clears the sheeting. 
The bucket’ car is a rectangular frame of wood 
mounted on wheels, with a device at the top for 
hoisting the buckets, which are the iron revolving 
dump, 34-yd. capacity, type ordinarily used with 
trenching machines. Both the car and hoisting ap- 
paratus are operated by a double drum stationary 
engine, one drum having attached to it a cable 
which causes the car to move forward and back- 
ward upon the track and the other drum of the 
engine is used to. operate a cable which hoists or 
lowers the buckets. The cable runs from the 
engine house, mounted on wheels, to an A-frame, 


Profile of Tunnel Sewer, Syracuse, N. Y. 


sewer brick. The brickwork is laid on a cradle of 
t-in. hemlock nailed to 2-in. squared forms, and 
the cradle is backed with concrete, 3 in. under- 
neath, 6 in. at the spring line and all space below 
the spring line is filled with concrete. 

Tunnel.—The original plan of the contractor 
was to start the 6o-ft. shaft at Oak St. and the 
shaft at De Witt St. about the same time the 
open-cut excavation was commenced, and so start 
the tunnel simultaneously in four sections or 
headings. Delays prevented sinking the shafts 
until after work had commenced at the western 
end of the tunnel or Station 4 + 70, but construc- 
tion will soon be carried on in four headings. 

The dimension of tunnel excavation is 7 ft. 9 in. 
by 5 ft. 10 in., the material following very closely 
that shown by borings. The borings spaced about 
every 300 ft., indicated first red clay, underlying 
this red clay and boulders and at the grade of 
tunnel a clay rock and in some instances slate 
rock. The exception to this is that at some 
points small pockets of clay and sand were en- 
countered which necessitated very close sheeting. 
One pocket was about 2 ft. thick, running across 
the tunnel nearly midway between the roof and 
floor, leaving the roof a very stiff clay with boul- 
ders and the floor for 6 in. above sub-grade, a 
clay rock containing gypsum. » 

The clay is stiff, but disintegrates from mois- 
ture and exposure, requiring side bridging. The 
material drills easily and so far hand drilling has 
been used exclusively. At first four holes were 
drilled in the face, spaced about a foot from 
sides, the two upper ones 18 in. from the roof, the 
lower ones from 18 in. to 2 ft. from floor, and 


In the tunnel is an 18-in. gauge track, carried 
along as tunnel progresses, on which runs a flat 
wooden truck or platform car, sometimes called 
“go-devil,’ on which are placed the buckets, sim- 
ilar to those described in the open-cut work. 


’ When a bucket is filled a man pushes it to the 


mouth of the tunnel where it is raised with the 
same trenching machine described under the open- 
cut work, and conveyed to the dumping ground. 
The land near tunnel opening is low and the ex- 
cess material is used to raise the grade, making 
very short hauls. A platform is laid at foot of 
the face when blasting, and the material or muck 
is thrown out on this and is more easily shoveled 
into the buckets than from the ground. The low 
platform car above referred to is also used to 
carry lumber and materials into the tunnel and 
in carrying out boulders, etc. 

The tunnel is lighted by electricity, furnished 
by the local lighting company. 

The working force consists of three eight-hour 
shifts of four laborers and a foreman. Sewer 
construction is the same as in open cut, or 33-1n. 
two-ring brick sewer, laid on a cradle, all the 
space below the spring line*being filled with 1 :3:7 
natural cement concrete. From spring line of the 
sewer to the roof of the tunnel is backfilled with 
earth. The progress made in the heading has 
averaged 3.4 ft. per eight-hour shift. The excava- 
tion is 45.18 cu. ft. per foot of tunnel, or 5.69 yd. 
per shift. To break this down requires about 12 
sticks of 60 per cent. dynamite. The lumber runs 
about 200 ft..per shift. The labor is: engineer, 
who also repairs tools during his leisure time 
while the laborers are drilling; one handy man on 
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to move forward or backward, the direction being 
[1 _—_1 2 Plank controlled by a marine reversing device. Be- 
‘tween the bucket opening and one end of the car 
is a space of 2% it. where the bucket operator 
stands. At the other end of the car is located 
the engine and drum, and the engineer is stationed 
near the opening where he can operate the levers, 
and at the same time have a clear view of the 
shaft below, being ready at once to stop the 
“bucket, if for any reason this is necessary. The 
advantages of this machine over most other forms 
appear to be in its compactness, and the fact 
that the engineer and bucket operator both have 
an unobstructed view of the shait or trench. 
The machine was designed and built by Mr. 
Thomas Marnell, the contractor on this work. 
The manhole to be built at the shaft will be 

5 ft. in diameter, with a 1-ft. wall of brickwork 

to within 20 ft. of surface, when the brickwork 

will be reduced to an 8-in. wall, and 5 ft. from 
the surface will be drawn in from 5 ft. to 2 ft. 
in diameter for the iron cover. According to 
specifications, “the filling at the shaft will be 
first-class Portland cement concrete. The Port- 
land concrete will be carried to the top of the 
normal tunnel excavation.line. Above the con- 
crete the filling will be made from the material 
excavated when suitable for the purpose.” 

The contract prices for the work areas follows: 

Earth excavation in open cut and disposal of 
: material by removal or refilling trenches, $0.30 per 
PUMPS HOISTING BUCKETS LADDERS : cu. yd.; rock excavation in open cut and disposal 
$ of material by removal or refilling of trenches, 
$1.00 per cu. yd.; all brick masonry, including 
centers and forms and all incidental work, $3.50 
per cu. yd.; first-class Portland cement concrete, 
$4.00 per cu. yd.; second American cement con- 
crete, $2.75 per cu. yd. All excavation, including 
rock, to sub-grade of sewer in tunnel and shaft, 
and disposal of material, $6.00 per cu. yd.; back 
filling in tunnel and shaft, $1.00 per cu. yd. 

The sewer is under the general charge of Mr. 
Frank J. Schnauber, city engineer, and is being 
top, who acts as conductor on the car, levels the and the other way throws in gears dennected to built under the direction and personal supervision 
dump, and assists in cutting frames; two sheet- the sprocket on the car wheel, causing the car of Mr. Henry B. Brewster, assistant city engineer. 
ers, two muckers, both sheeters and muckers work 
at drilling, and one foreman. 

Shaft.—The shaft at Oak St. is 60 ft. deep from 
the surface of the ground to the sub-grade. The 
dimensions are 16 ft. 4 in. by 8 ft. and borings 
at this point indicate 4o ft. of red clay, underly- 
ing this is 14 ft. of clay and boulders, and from 
this point to sub-grade is clay rock. The clay is 
hard but decomposes with exposure, necessitating 
close sheeting of sides, or lagging. The shaft is 
divided into three compartments or openings. 
The middle opening is 6 ft. 4 in. in the clear and 
the end openings 3 ft. 6 in. in the clear. The 
middle opening is used for hoisting the buckets, 
one end opening for a pumpway and other for 
a ladderway. The timber is beech and the sets 
or frames are all 6 x 8 in.; the sides or wall 
plates are 16 ft. long, the braces or buntons 6 ft. 
6 in. long, and the lagging is 2 in. beech. 

The machine used at the shaft consists of a 
platform car 13 ft. long by 7 ft. wide, mounted on 
steel trucks of standard gauge. There is a hole 
in the platform 4 ft. 10 in. by 6 ft., through which 
the buckets are hoisted. Over this hole is an 
angle iron#frame, at the top of which is the sup- 
porting mechanism or hoisting device for raising 
and lowering the buckets. This mechanism is 
the same as that used on the trenching machine 
before described. The power to operate the hoist- 
ing apparatus and move the car is developed by 
a four-cylinder, four-cycle, gasoline engine of 30 
h.p., acting through a two-way friction clutch ; 
one way this throws in a single -drum and oper- 
ates the cable which hoists or lowers the buckets, 


Timbering used on Syracuse Sewer Tunnel. 
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Plan of Shaft used on Syracuse Sewer Tunnel. 


Gasoline Operated Car for Hoisting Spoil from Tunnel Shaft. 
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SUBSTRUCTURE FOR THE UNITED STATES EXPRESS COMPANY’S 
BUILDING. 


The 134x119-ft., twenty-three story building 
on Greenwich St., New York, for the United 
States Express Co., is,a steel cage structure of 
the modern office building type which is now 
under construction. It has involved consider- 
able difficulty in the building of the substructure 
where unusual methods were adopted and some 
special development occurred in the operations 
found necessary to carry the heavy foundations 
through water and quicksand to the underlying 
bed rock at an average depth of about 41 ft. 
below the lowest point of the curb. Some new 
features were introduced in the design and 
method of sinking the foundations, in the joints 
between the wall piers, in the temporary brac- 
ing of the retaining walls, and in the method 
of handling materials. The retaining wall has a 


cellar floors. The materials were removed by 
carts driven up a temporary wooden inclined 
plane to Greenwich St. The soil consisted of 
about 9 ft. of earth, loam and fill and an average 
of 18 ft. of quicksand overlying a stratum of 
hardpan 14 ft. thick which contained pockets of 
quicksand and covered the approximately level 
surface of sound hard rock. 

As the column loads were heavy it was deter- 
mined to carry their foundations down to foot- 
ing on the rock by means of pneumatic caissons. 
As it was required to provide a deep sub- 
structure with the cellar floor about 20 ft. be- 

-low the curb and 15 ft. below ground water 
line it was decided to adopt substantially the 
same construction that has been described al- 
ready in these columns for the Stock Exchange, 


Temporary Bracing for Tops of Wall Column Caissons. 


uniform thickness of only about 5 ft. and is of 
solid concrete without reinforcement bars. It 
therefore has neither strength nor stability to re- 
sist unaided the possible heavy maximum exte- 
rior hydraulic pressure and is désigned to be 
strengthened by the basement and sub-basement 
floors. The beams and girders will be constructed 
to take bearing against the face of the wall and 
act as horizontal struts transferring the stresses 
from side to side and making the opposite pres- 
sures hold each other in equilibrium. 

The site was previously occupied by old brick 
buildings three or four stories high which, down 
to the street level, were removed by wrecking 
contractors. A contract for the concrete sub- 
structure and general excavation was awarded 
to the Foundation Co., of New York, which was 
required to complete the work ready for the erec- 
tion of the steel columns in too days. They 
commenced operations on August 1, five’ days 
before the wrecking contractors completed their 
work. They found the site filled nearly to street 
level with bricks, mortar and rubbish and ex- 
cavated it by hand over the entire area of the 
lot to a depth of about 8 ft. below the low curb 
carrying the pit to a point just below the old 


‘and the Blair Building, namely, to make the 
piers for the outer wall co!umns long and nar- 
row and connect them together so as to form a 
continuous heavy wall down to the rock to make 
a dam excluding water from the interior. 

The 16 regular wall piers have a uniform 
width of 6 ft. 4 in. and vary in length from 20 ft. 
3 in. to 35 ft. 4 in., neatly all being of the latter 
dimension. They are placed 6 in. to 11 in. 
apart in the clear end to end, in the planes 
bounding the basement excavation, thus com- 
pletely enclosing it. The 27 interior column piers 
are from about 5 ft. to 8 ft. square, and are ar- 
ranged from about 15 ft. to 23 ft. on centers ap- 
proximately at the intersections of 6 longitudinal 
and 6 transverse lines. 

Near the center of the lot 26 piles in five 
rows from 12 to 15 ft. apart were driven to 
hardpan to ft. below the bottom of the final 
general excavation, and capped with transverse 
beams. On these, longitudinal stringers 26 ft. 
apart, each made with two I2xI2-in. timbers 
bolted together side by side, were placed mak- 
ing a track about 57 ft. long on which a travel- 
ing derrick was seated at street level. This 
was a new derrick, but essentially resembled that 
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previously described in this journal which was 
used on the substructure of the Trinity Building. 
It had a 26x26-ft. wooden ‘tower 30 ft. high 
with wooden sills at the top and bottom and 
two wooden vertical posts at each corner. The 
vertical and horizontal faces were each X-braced 
by pin-connected diagonal rods with sleeve nut 
adjustments. All of the compression members 
were pin-connected through jaw plates bolted 
to each piece thus enabling the framework to be 
assembled or taken down with great ease and 
rapidity. 

The tower was mounted on eight double- 
flange wheels seated between the double mem- 
bers of the longitudinal sills and running on the 
26-ft. gauge track. Between the vertical posts 
in each corner of the tower there was set a 
vertical mast with a 50-ft. boom of 15 tons 
capacity. Each of the four booms was operated 
by an independent double-drum Lidgerwood 
hoisting engine with turning gear to swing it 
by means of a steel bull-wheel at the foot of 
the mast. A special feature of the fittings was 
the seat for the foot of the mast which was 
made with two heavy bent channels providing 
an offset: attachment for the sheaves that made 
them accessible at all times. The hoisting en- 
gines were located on a floor laid across the 
bottom sills of the traveler and were protected 
by a flat roof about half way between the top 
and bottom sills, which enabled the engines to 
be comfortably operated in stormy weather. 

This traveler commanded all of the interior 
piers, all of the wall piers on one side of the 
lot and half of those at each end. The remain- 
der of the lot was commanded by two stiff-leg 
derricks with so-ft. 15-ton booms. One of them 
was seated on cribbing in the excavation and 
the other was first seated on the sidewalk and 
afterwards moved to a position on top of the 
caissons already sunk. Together the six booms 
of these derricks and of the traveler commanded 
the entire area of the lot and handled not only 
the materials and machinery, but unloaded and 
located the caissons themselves. 

Each derrick was supplied with an independent 
hoisting engine rated at 30 h.-p. There was be- 
sides one 80-h.-p. McKiernan air compressor, and 
one 8o-h.-p. Rand air compressor, which, to- 
gether with a number of steam pumps made a 
total of about 415 h.-p. plant installed on the 
work. It was operated by steam at 90 to 100-]b. 
pressure, purchased by meter from the New 
York Steam Co. This arrangement was con- 
sidered more economical than the cost of fuel 
plus the cost of wages for operating boilers, 
and had the additional advantage of economiz- 
ing space which was very much crowded dur- 
ing the sinking of the caissons. 

Simultaneously with the erection of the der- 
ricks, working platforms of 3-in. plank sup- 
ported on trestle bents were built at street level 
to facilitate the delivery and storage of mate- 
rials. One of them just inside the wall cais- 
sons was akout 144 ft. long and 16 ft. wide 
parallel with the Rector St. curb and located 
over one row of interior column piers. It had 
a smaller extension on one side reaching to 
the traveling derrick platform and one of 35 x 14 
ft. on the opposite side reaching across the wall 
caisson to the curb line. Another platform about 
80 ft. long and from 16 to 46 ft. wide, at 
right angles to the first one formed an L with 
it and extended from the curb line over the 
second row of interior columns parallel with 
Trinity Place; both of these platforms were 
somewhat irregular but corresponded substantial- 
ly to the above dimensions. They covered nine 
interior column caissons and all or part of four 
wall column caissons, holes being cut through 
them to sink the latter as required and after- 
wards covered over again to maintain the work- 
ing platform. Along one side of the lot oppo- 


316 


site Rector St., were built one-story weather- 
proof wooden houses for the compressing ma- 
chinery, for the carpenters, and riggers, for tools, 
for the master mechanic, and for sand hogs. 

The wooden pneumatic caissons were rectangu- 
lar boxes of a uniform height of about 6 ft. 
intended solely for working chambers. All of 
them were narrow, their maximum length was 
about 35% ft., and they were built complete at 
the contractor’s yard and delivered on wagons 
to the site. The heaviest one weighed about 
ro tons and was well within the capacity of the 
derricks. As received, each caisson was unload- 
ed and swung into position by a derrick boom 
which lowered it to the exact position required 
where it was lined in by a transit and seated 
on the leveled ground. “The caissons were de- 
livered rapidly, and sunk to exclude the water 
as much as possible from the lot, while the inte- 
rior column piers were being built. Sometimes 
as many as four caissons were delivered in one 
day, and half of them were in different stages 
of sinking simultaneously. 

The wall column caissons were of special de- 
sign adapted to the conditions and réquirements 
of this work. They were all built with a uni- 
form width of 5% ft. and a height of 6 ft. over 
all, the lengths varying from 25 ft. to 35 ft. 4 in. 
Each of them consisted simply of four vertical 
timber walls without top or bottom. Each wall 
was made with six courses of timber with the 
ends of the transverse and longitudinal timbers 
overlapping alternately at the corners so as to 
lock the walls together. 

The lower course was made of 8xI2-in. tim- 
ber, and the next four courses with 6x1I2-in. 
timber, the 12-in. dimension in all of them being 
vertical. The upper course was made with 
Toxto-in, timber and all timber was planed on 
all sides, making the final dimension % in. less 
than those noted. The successive courses of 
timber were fastened by 34-in. drift bolts 2 ft. 
long and averaging 18 in. apart. There were 
besides I-in. vertical screw rods 3 ft. apart, bind- 
ing together all the courses of each wall and se- 
curing the 6x4-in. angle iron cutting edge to the 
lower course. The long sides of the bottom 
courses were braced together by two equi-distant 
horizontal 6x12-in. struts butted against their 
inner faces and secured .by a I-in. tie rod on 
each side. The caissons were not provided with 
roofs or deck. Instead there were 
bolted across the top courses single 3x3x%4-in. 
angles 3 ft. apart, with their vertical flanges up- 
wards. The ends of these angles engaged the 
vertical tie bolts which secured the cutting edge 
angles and served as bearing washers for them. 

After the caisson was set in position the spaces 
between the transverse angles were covered with 
temporary sectional panels of 17-in. tongue and 
groove boards which served as centering simi- 
lar to that used in the construction of concrete 
floor slabs. Simple moulds having the same 
widths and lengths as the caisson and variable 
heights were built on top of the caissons to re- 
ceive the permanent concrete piers. These 
moulds were made in 8-ft. sections with verti- 
cal 2-in. tongue and groove planks held together 
by outside horizontal yokes each made with 
4x3x'4-in. angles forming a rectangular frame 
accurately fitting the mould. One yoke was 
placed at the middle of each section and one at 
the top and one at the bottom with their hori- 
zontal flanges serving for connections with the 
adjacent sections. The opposite walls of the 
moulds were securely tied together by perma- 
nent 34-in. screw rods. 


permanent 


After the mould was completed a layer of rich 
concrete about 6 in. thick was spread over the 
temporary roof of the caisson. After it had 
attained some bearing strength about 2 ft. more 
concrete was added, and when it was well set 
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and provided a sufficiently strong slab the re- 
mainder of the concrete was rapidly filled into 
the cofferdam building up the pier to the re- 
quired height in about four days. A central ver- 
tical air shaft 45 in. in diameter was formed in 
the concrete and the pier was considered com- 
pleted in its temporary position above the sur- 
face of the ground; care being, of course, taken 
to brace it thoroughly on account of its height 
and narrow base. 

Simultaneously with the concreting in the 
mould, workmen entered the caisson and 
trenched it under atmospheric pressure down to 
about water line, thus allowing it to sink grad- 
ually 5 or 6 ft. As the tops of the finished piers 
were to be sunk below the level to which the 
site was at this time excavated, temporary cof- 
ferdams, similar in construction to the piery 
moulds, were added to the top of the latter. A 
Moran air lock was provided for each caisson, 
air pressure was turned on and the final sink- 
ing was commenced with about eight sand hogs 
in each long caisson. 

Owing to the very narrow width and the great 
length of the caisson the material excavated from 
the extreme ends had to be passed by three 
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men to the bottom of the air shaft where only 
two men could work at once in filling it into 
the ™%4-yd. special cylindrical bottom-flap buckets 
by which it was removed and in which the con- 
crete was afterwards lowered to the working 
chamber. 

The stability of the caissons was secured by 
enclosing them in heavy rectangular horizontal 
timber frames braced with inclined struts. These 
took bearing on vertical greased guide strips 
attached to the faces of the concrete pier after 
the moulds had been stripped. The concrete 
itself was not greased, but the caisson ard the 
pier above it descended as easily as do those 
which have a greased wooden surface. By this 
method the pier itself was made to suffice for 
sinking weight on the caisson and considerable 
economy was effected in time as well as in hand- 
ling the ballast and placing the concrete. 

The caissons were sunk through the quick- 
sand in an average of two days each, two days 
more being required to pass through the hardpan 
to the rock. The surface of the rock was care- 
fully leveled, inspected by an engineer, and the 
working chamber was filled with 1:2:4 concrete 
made with Atlas Portland cement, the concrete 
in the pier above being made 1:3:5. Before the 
working chamber was filled the temporary panels 
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of centering between the transverse angles were 
removed, leaving the angles themselves bedded 
in the pier concrete. 

The ends of the adjacent wall caissons were 
sunk with a clearance of from 6 to 12 in. and 
in order to secure continuity between the piers 
they were connected after sinking by a concrete 
joint forming a yertical key. Vertical grooves 
about 2 ft. wide and 8 in. deép were made in the 
ends of the wall piers and formed, with the clear- 
ance already noted for the caissons, wells from 22 
to 28 in. wide above the tops of the working 
chambers. Compound sheet piles were made 
with 3-in. planks wide enough to overlap the 
corners of adjacent piers at each joint and were 
driven close to the inner and outer faces of the 
piers so as to cover the joints between them. 
These piles were stiffened and guided by one or 
two vertical ribs bolted to them in the space be- 
tween the ends of the piers. 

After the sheet piles were driven 4-in. pipes 
were jetted down in the corners between their 
edges and the outer faces of the piers,and as they 
were withdrawn grout was forced through them 
which effectually sealed the spaces between the 
piles and the piers. Men were then able to en- 
ter the well between the ends of the piers and 
excavate the quicksand and hardpan down to 
the tops of the caissons, caulking as they went 
any slight leaks between the sheet piles and the 
piers. Jet pipes from 2 to 6 in. in diameter were 
sunk in the narrow space between the caissons 
and removed or loosened the material down to 
the cutting edges. Grout was then introduced 
through them and with the sand and broken 
stone already there formed concrete thoroughly 
sealing the space between the working cham- 
bers. Afterwards the well above the working 
chamber was rammed full of ordinary concrete, 
thus making a solid key which united the wall 
piers and prevented leakage. 

Before the general excavation was completed 
from the preliminary level of 9 ft. to the final 
level of 21 ft. below the curb, a temporary sys- 
tem of horizontal bracing was provided to secure 
the tops of the wall piers and take up the out+ 
ward pressure until it should be resisted by the 
permanent steel beams and girders in the lower 
floors. To this end a 4oxso-ft. horizontal rect- 
angular framework of 14x14-in. timbers, divided 
into six panels and double knee braced in each 
corner was framed in aproximately the center of 
the lot, 4 ft. below the level of the top of the wall 
caisson. It was supported on vertical 14x14-in. 
square timbers driven by pile drivers to hard- 
pan, and X-braced in vertical planes above the 
bottom of the excavation. From the center rec- 
tangular frame fourteen regular horizontal and 
inclined longitudinal and transverse braces and 
two extra ones were carried to all of the wall 
caissons and firmly wedged against bearing 
planks on their faces, thus providing for 
the balancing of all external pressures. Hor- 
izontal .knee-brace timbers were also wedged 
against the faces of the wall caissons at the cor- 
ners and some special struts were placed across 
the extension of the foundation reaching from 
caisson to caisson direct. 

This system was an entirely independent one, 
and being supported by the vertical piles did not 
require shifting, support, or any changes as the 
excavation under it was carried on. Particular 
pains were taken to isolate it so that there was 
no connection with the derricks and their vibra- 
tions could not be transmitted to it. 

It was at first intended to complete the gen- 
eral excavation before commencing the construc- 
tion of the interior column piers. As this ex- 
cavation extends below the surface of the hard- 
pan the pits in which the piers were carried far- 
ther to bed rock would not have required sheet- 
ing. It was found, however, that the space was 
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so crowded that the removal of the excavated ' 


material from the lot could not be accomplished 
rapidly enough to complete it in time to allow 
for the building of the interior piers after- 
wards within the contract time. Provision was 
therefore made at an added expense of nearly 
$10,000 for the construction of the interior piers 
in cofferdams before the excavation was com- 
pleted, and the work was so: executed only to 
find eventually that after the piers were com- 
pleted the erection of the steel was long delayed 
by a strike, and the original method might as 
well have been carried out. 

The cofferdams for the interior piers were all 
rectangular and from 5 to 8 ft. long inside on 
each face. They were made in from two to 
four separate vertical sections 8 ft. high: Each 
section consisted of four separate panels, each 
panel making a complete side wall. Each panel 
was made with 3-in. tongue and groove vertical 
planks spiked to two intermediate and two end 
interior 8x8-in. horizontal timbers which were 
halved, lapped and ‘bolted together at the cor- 
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simultaneously with that in the open space be- 
tween the cofferdams, and it is believed that the 
record of about 1,800 cu. yd. removed in 30 
hours from Saturday night until Monday morn- 
ing is greater than has previously been attained 
in any similar work. Another record for 24 
hr. is of 242 wagon loads during the day and 
179 wagon loads during the night, all of them 
averaging 2% cu. yd. each of dry earth. 
Considerable water was encountered in the 
cofferdams and was removed by a steam syphon 
in each, which delivered it to a central sump 
where it was elevated to the sewer by a Cam- 
eron pump. A special feature of the cofferdam 
sinking was the use of novel boxes to contain 
the pig-iron ballast used for loading them so 
that they could be easily and rapidly handled 
and arranged so as not to obstruct the entrances 
to the small cofferdams. A large number of 
boxes were made by bolting together side by 
side pairs of 12xI2-in. timbers 8 ft. long and 
enclosing them with’ short vertical 2-in. planks 
spiked to them on both sides and both ends and 
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ners. The end timbers were set back. about 
¥% in. from the ends of the vertical sheathing so 
as to secure clearance between them and con- 
tact on the ends of the sheeting of adjacent sec- 


tions of the cofferdam when the latter were fas- 


tened together by vertical flange bolts through 
the end horizontal timbers. The lower ends of 
the sheeting in the bottom sections of the coffer- 
dams projected 18 in. below the lower trans- 
verse timbers and were beveled inside to make 
cutting edges. The panels for the cofferdams 
were finished complete at the shops and were 
quickly bolted together in the required position 
at the site. They were sunk at the rate of about 
1 ft. an hour with open excavation by gangs of 
six to eight men in each who shoveled the ma- 
terial into 1-yd. Steubner buckets. 

The spoil both from the cofferdams and the 


' pneumatic caissons was delivered by the der- 


tick booms which either dumped it directly on 
the wagons in the street or when the’ wagons 
were not ready, dumped it on the working plat- 


forms, whence it was shoveled to the wagons by 


hand. The excavation was thus carried on with 
great rapidity in a number of the cofferdams 


projecting 18 in. above their upper surface. A 
pair of U-bolts with forged eyes on their upper 
ends engaged the horizontal timbers and af- 
forded connections for hoisting the boxes when 
they were each filled with six tons of pig-iron 
neatly piled in them transversely. These boxes 
were piled up cob-house fashion by the derricks 
on the upper edges of the cofferdams and gave 
great satisfaction, obviating the necessity of spe- 
cial platforms or yokes on the cofferdams and 
greatly expediting the handling of the ballast. 
A small portable 500-lb. Dake hoisting engine 
was used to handle the ballast where these boxes 
could not be used. 

As soon as they were sunk the cofferdams were 
filled with concrete mixed in a Ransome ma- 
chine and delivered to them by Cyclopean 1-yd. 
buckets. As they were exposed by the excava- 
tion the cofferdams for the interior piers were 
removed and their panels stored for future use. 
The cofferdams on the tops of the wall piers 
were also removed except in some cases where 
they were allowed to remain on the outer face 
of the piers to serve as permanent sheeting and 
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retain the earth until the sidewalk vaults are 
completed. 

The bottom of the excavation is covered with 
concrete laid on the hardpan and assumed to be 
strong enough to resist the slight upward pres- 
sure of water which may penetrate to its lower 
surface. The floor and walls are all water- 
proofed by the hydrolithic coating of the Win- 
slow system, which is controlled in this city by 
the Waterproofing Co., which is affliated with 
the Foundation Co. In this process a thin coat- 
ing of special material is plastered directly on 
the inner surface of the floor and wall and is 
claimed to provide a permanent complete water- 


proofing capable of resisting hydrostatic pressure 


of 100 lb. per square inch, and of being finished 
in various colors. 

The principal quantities involved in this work 
include about 20,000 cu. yd. of general excava- 
tion, 5,000 cu. yd. of caisson excavation, and 
6,000 yd.*of concrete. Work was commenced 
August Ist, the last caisson pier was completed 
November 7, and the job was entirely finished 
ready for steel November 15, the work having 
been continuously prosecuted day and night by 
three successive eight-hour shifts averaging 150 
men each. 

Besides the plant already mentioned there was 
installed a 48-in. x 12-ft. air receiver, a 12-in 
x 12-ft. tubular Nason air cooler, a pile driver, 
three Cameron pumps, two Ingersoll-Sergeant 
drills and about 500 tons of pig-iron ballast. A 
20-in. Industrial track, made by the C. W. Hunt 
Co., was also laid to form a belt line in the ex- 
cavation around the circumference of the lot 
on which concrete was delivered from the mixer 
to the different caissons, switches being arranged 
at different points for by-passes. By this ar- 
rangement a number of cars each carrying a 
single bucket were kept constantly moving in 
the same direction and supplied the different 
derricks without delay. 

Two columns of the Manhattan Elevated R. R. 
structure were so near the excavation that it 
was necessary to underpin them, an operation 
which was conducted by the railroad company, 
who supported the columns temporarily on gir- 
ders until their new foundations were built to 
receive them. 

Before the general excavation was commenced 
the adjacent wall of a three-story brick building 
on the next lot was underpinned with seven 
ro-in. screwed steel pipes sunk to bed rock 
and filled with concrete by the Breuchaud 
method. Two alternate pipes were simultaneous- 
ly sunk at a rate of about 30 ft. in 24 hr. by the 
use of a roo-ton hydraulic jack and a t1oo-lb. 
hydraulic jet for each. The building was de- 
signed by Clinton & Russell, architects, Col. J. H. 
Wells, structural engineer. The general con- 
tract was awarded to the Thompson-Starrett Co., 
Mr. George Simpson, chief engineer. The sub- 
structure work was executed by, the Foundation 
Co., Mr. L. L. Brown, general superintendent in 
charge. ; 


EXCAVATION ON THE PANAMA CANAL has late- 
ly been progressing unusually well, according to 
a report sent to the Isthmian Canal Commission 
by Chief Engineer John F. Stevens. This shows 
that the volume handled has increased and the 
cost dropped. “The work report for the month 
of Jan., 1906, Culebra division, shows a total 
yardage moved of 120,990, at a cost of 72 cents 
a cubic yard. Comparing this with the figures 
for December, the latter month shows 70,630 
yards moved at a cost of 93 cents. The above 
figures are made in accordance with the month- 
ly reports which have been made since the Isth- 
mian Canal Commission took charge of the work, 
and you will see that, as compared with certain 
months last fall, we have reduced the cost of 
handling this material over 100 per cent.” 
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The Reinforced Concrete Factory for the 
American Oak Leather Co., Cincinnati. 


By Sanford E. Thompson, Assoc. M. Am. Soc. C.E., 
Newton Highlands, Mass. 


During a recent trip through Ohio the writer 
was much interested in the progress of rein- 
forced concrete building construction in Cin- 
cinnati. At least seven such structures, includ- 
ing warehouses, factories, office buildings and 
stores, were then in process of erection. 
tendency in Cincinnati recently has been to build 
the exterior walls of brick, and the structural 
portions of the building, that is, the columns, 
beams and floors, of reinforced concrete. This 
is due to economical considerations. Because of 
the cost of lumber and of the labor of placing 
and removing wall forms and the necessity of 
specially treating the face of the concrete, or 
else veneering it with stone or brick, it is often 
cheaper to build the entire wall, except the trim- 
mings, of brick. 
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entation of some of its structural features to the 
readers of The Enginering Record. 

The building is designed for heavy loading, 
and in anticipation of the presence of piles of 
leather on all or nearly all the floors at the 
same time, this heavy loading was carried 
through to the foundations. The design of the 
floor plan and the connection of the building 
with an old one belonging to the same company 
required a large variety of sizes of floor panels, 


ie 
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269 ft. in length. Wings, eight stories high 
above the basement and projecting at each end 
of the building as shown in Fib. 2, carry the re- 
inforced concrete stairways and also connect with 
the old building. 

The columns vary in size in accordance with 
the spans they carry, ranging from Io x Io in. 
to 32 x 36 in. The principal girders, that is, 
the girders across the building, range in size 
from 8 x 20 in. to 14 x 20 in. and 10 x 24 in, 
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Fig. 2. General Floor Plan, American Oak Leather Company’s Building. 
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Fig. |. Cross Section of Reinforced Concrete Building of American Oak Leather Co. 


Among the pioneers in reinforced concrete 
construction is the Ferro-Concrete Construction 
Co.. the builders of the famous sixteen-story 
Ingalls office building and several other struc- 
tures, including the factory of the American Oak 
Leather Co., also in Cincinnati. Although the 
writer has not been connected in a professional 
capacity with the design or construction of the 
American Oak Leather Co. factory, the work ap- 
peared of sufficient interest to warrant the pres- 


each of which was especially designed in thick- 
ness and reinforcement for its particular load. 

The building is seven stories high above the 
basement, and the basement floor is full of 
tanks and vats and troughs, all of reinforced con- 
crete, for use in the operations incident to the 
preparation of leather. 

Fig. 1 is a typical section across the building. 
The main portion of the structure represented 
by the three bays at the right is 58 ft. wide by 


The longitudinal beams which butt into the prin- 
cipal girders range from 6 x I6 in. to 8 x 20 in. 
The floor slabs vary with the span from 4 to 7 
in. in total thickness. 

For a reinforced concrete building nearly as 
many carpenters are required as laborers, and 
one of the first essentials for economical con- 
struction is the design of the forms to reduce 
the quantity of lumber to a minimum, and the 
construction of these forms at the smallest pos- 
sible labor cost. In the present case one of the 
first operations was the erection of a shanty oc- 
cupying half of the street next to the site, which 
was fortunately on an unfrequented highway, 
and equipping it with power saws and other wood- 
working machinery. Here all the forms required 
in the construction of the building were made, 
and the general repairing was done. 

Structural Details.—Twisted steel was used for 
reinforcement. The square rods were twisted, 
cut to length, and bent to shape at the perma- 
nent shop of the contractors in the city. The 
twisting machine twists three, 30-ft. rods of the 
smaller sizes, at the same operation. As the 
operation of twisting a set of three rods occu- 
pies two men with the machine but slightly over 
one minute (not including the carrying to and 
from the machine), the cost is scarcely appre- 
ciable, while the twisting produces a deformed 
rod capable of greater adhesion and with an in- 
creased elastic limit. The high elastic limit was 
utilized by the designers in the assumption of a 
higher allowable unit pull in the steel and thus 
a smaller percentage of the metal in the beams 
and slabs. 

A cutter designed with a multiple lever, so 
as to be operated by one man, cuts single rods 
up to % in. square, and smaller rods in lots of 
two or more. 

All rods are bent cold. The small rods up 
to about 3% in. square, which comprise all the 
steel which requires bending except the bent bars 
in the girders, are bent by hand with the aid 
of a special vise. For rods larger than 7% in. a 
machine designed for the purpose bends the rod 
to any angle and at the same time keeps all the 
bends in the same rod in a plane. : 

As usual in concrete building construction, 
the concrete was mixed on the ground and ele- 


- vated to the floor where it was required. How- 


ever, instead of following the more common 
practice of an elevator running in a frame which 
is raised from story to story as the building 
advances, an immense derrick with an 8o-ft. 
boom was set on top of a tower consisting of 


e 


Marcu 3, 1906. 


a pyramidal frame of timber with its diagonal 
braces carefully bolted. The base of the der- 
rick was thus 55 ft. above the ground and so 
high that buckets could be emptied upon the 
roof. This derrick was used not only for hoist- 
ing the concrete, but for raising the form tim- 
ber and handling other material and tools. The 
arrangement of the derrick and tower is shown 
in the photograph, Fig. 3. 

It was thought when the building was begun 
that it would be the best plan to dump the 
concrete from the bucket at various places on 
the floor where it was required, the boom being 
long enough to swing over a considerable area 
of the floor. This worked well in the lower 
stories, but for the upper floors and the roof, 
where the swing of the boom became limited, it 
was found more economical to dump the con- 
crete into a hopper to be wheeled in barrows 
to place. Fig. 4, which is taken on the fifth 
floor, shows the operation of dumping the hoist- 
ing bucket into the hopper. By this plan less 
time was consumed in placing the bucket, and 
no tag-rope man was required, as the engine- 
man could swing the boom to a certain point 
on the wall which brought the bucket directly 
over the hopper. 

The concrete is composed of Portland cement, 
sand and broken stone in proportions 1:2:4. 
The sand and broken stone were stored in bins 
within less than 50 ft. of the mixer, and wheeled 
in barrows, which were also used for measur- 
ing, along an elevated run to a No. 5 Smith 
mixer. From the mixer the concrete fell into 
the derrick bucket which rested on an iron 
truck on wheels, about twice the length of the 
bucket, so that the empty bucket could be set 
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Fig. 3: Derrick for Hoisting Concrete. 


Fig. 4. Projection of Column Rods Above Floors. 


by the derrick on one end of the truck while 
the other bucket was being filled, and then as 
soon as the full bucket was removed, the truck 
was pushed by the attendant to bring the empty 
bucket under the mixer. 

The steel in the columns, consisting gener- 
ally of vertical round rods with hoops placed 
around them every foot in height, was set as 
soon as the concrete of any floor was laid, the 
column forms were built around it, and the 
floor slab and girder forms placed and carefully 
supported and braced by vertical struts and 


diagonals. The forms were thus built and the 
steel placed in the beams and slabs so that 
the concrete was poured in one-half of the floor 
while the forms were being built for the other 
half of the story. . 

The concrete was mixed wet enough to pour 
into the columns and a very fine face was ob- 
tained on the sides of the posts by the use of 
long-handled wooden paddles. The thickness of 
the floor slabs were gauged by 1x2-in. wood 
strips with blocks nailed on the under side of 
them at occasional intervals to bring the top 
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of the strip to the required surface level. These 
were placed crosswise of the floor about every 
15 ft. and the concrete poured between them, 
and screened with a long straight edge. The 
strips were immediately removed, and their lo- 
cation filled with concrete by men wearing rub- 
ber boots who walked through the soft mate- 
rial. As soon as the concrete was sufficiently set, 
the surface finish was spread and finally floated 

The rate of speed on the building was a halt 
story per week. 

Design—tThe general floor: plan is shown in 
Fig. 2. Fig. 5 shows the forms and the steel 
in place for the 50-ft. span girders and the 
floor in the west end of the building. These 
girders are 14 in. wide and 36 in. deep, and the 
span is 50 ft. in the clear. 

The under side of this same floor construc- 
tion after completion and removal of the forms 
is illustrated in the photograph, Fig. 6. The sur- 
faces of the girders and floors show the knots 
and other impressions from the lumber of the 
forms, but a close examination fails to detect 
any of the irregularities and stone pockets so 
often found in structures of this character. 

In general, there were four principal rods in 
each beam and two of these were bent up diag- 
onally so as to reach the top of the beam or to 
extend over the supports. Typical forms of 
these bent bars are shown in Fig. 7. 

The live loads assumed in the design are as 
follows: First floor, lower section, 500 lb. per 
square foot; floors over 50-ft. span, 150 lb.; 
other floors, 200 lb.; roof, 100 lb. The girders 
are calculated for 80 per cent. of the live load. 
The columns take the total dead load, and also 
are assumed to carry the following percentages 
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Fig. 5. Forms and Reinforcement For Cirders and Slabs. 


of the live load coming from the girders: On 
the roof, 100 per cent.; seventh floor, 100 per 
cent.; sixth floor, 90 per cent.; fifth floor, 80 
per cent.; fourth floor, 70 per cent.; third floor, 
60 per cent.; second floor, 50 per cent.; first 
floor, 50 per cent. 

Typical column reinforcement adapted for dif- 
ferent sectional dimensions is shown in Fig. 8. 
In general, the vertical rods, which are round, 
have a sectional area of about I to 2 per cent. 
of the cross section of the column. The size 
of the rods is reduced from story to story, 
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ranging .on an average from about 2 in. in the 
lower floors to % in. in the upper stories. 

The foundations for the columns are rein- 
forced, and as they are built in advance of the 
columns, short vertical rods about 3 ft. long 
are set into them, which project up about 2 ft. 
column. 


into the The lower ends. of these 
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“stubs” are set upon plates which hold them in 
position, and form a bearing upon the concrete. 
For the columns at one end of the building 
an inverted beam foundation was required be- 
cause the footings could not project beyond the 
building line. This foundation, supporting two 
columns, was heavily reinforced at the top with 
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Fig. Ilb, Partial Plan of Pickling Vats. 
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Fig. 7, Different Shapes of Bent Steel. 


NotEe.—The contractors collect in one table and the 
above diagram all the data for the reinforcement 
of all beams and girders. For example, the beam 
a is shown in this table to have bent reinforcement 
of type R{ of the dimensions tabulated, as well 
as straight bars and stirrups. This tabulation and 
lies keep the floor plans’ free from lettering about 
etails. 
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Fig. 10. Inside Retaining Wall. 
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Fig. 8. Typical Column Reinforcement. 
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Fig. ||. Detail of Drain. 
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Fig. Ita. Section of Vat Walls. 
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sixteen 7-in. and 1-in. rods, and provided with 
stirrups as in ordinary beam construction. 

The stairs which run up in the wings at each 
end of the building are generally in double 
flights with winders or platforms connecting 
them. They are usually enclosed on three sides 
by the brick wall of the building. The plan and 
elevation of one of the flights with winders is 
shown in Fig. 9. In the more usual pattern, 
with a platform at the half-story, no post is re- 
quired. 

The basement at one end of the building, 
shown at the right in Fig. 2, is about io ft. 
higher than the rest of the basement, and a con- 
crete retaining wall, shown in Fig. 10, was there- 
fore run across the building on the line of col- 
umns I2 and 15. 

A large portion of the basement is occupied 
with tanks or vats for use in the leather pro- 
cesses. These pickling vats are each 8 ft. long, 
6 ft. wide and 6 ft. deep, with walls only 2% 
in. thick. 

The plan of the vats in three of the bays run- 
ning across the building is shown in Fig. 11, 


which also gives a section of a vat wall and of _ 


one of the drains below the vats. The photo- 
graph, Fig. 12, illustrates the appearance of the 
vats after completion. An inspection of the 


Fig. 6. Concrete Columns and Girders. 


plans shows that the vats are built in groups, 
there being a group of six vats in each bay. 
Each group is built at one operation, so that 
there will be no joint, and the exterior walls of 
the group, that is, the walls on a line with the 


‘columns both ways, are thus double, but sep- 


arated so as to permit shrinkage. The bottom 
of the vats are about 6 ft. above the ground, and 
they are supported by small columns at each in- 
tersection. 

The troughs or drains which run under the 
vats are of unique construction. They are built 
as V-shaped troughs of mortar, 2 in. thick and 
8 in. deep, reinforced with 14-in. longitudinal rods 
and also with %4-in. hoops which are allowed to 
project about 2 ft. above the sides when the 
trough is finished. The floors of the vats con- 
stitute the tops of these troughs. In some cases 
a thin oak veneer is sprung across the top of 
the drain to serve as a form for the concrete, 
and the floors of the vats are then spread over 
this and over the surface of floor between the 
drains, and the ends of the %4-in. hoops which 
project above the sides of the drain are bent 
down into this floor so that the drains are in 
effect suspended from the floor and form a part 
of it. A section of the drain is shown in Fig. 11. 

As is stated above, the walls of the building 
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are of brick, but the water table, the sills and 
the caps of the windows and doors are formed 
of concrete laid in place. No mortar surface 
is given to them, but the aggregate is sand and 
rather fine broken stone, and care is used in 
placing it against the form. 

After removing the forms, the surfaces are 
carefully dressed by polishing with a piece of 


sandstone so that they can scarcely be distin-. 


guished from cut stone trimmings. 

The builders of the factory and the designers 
of the reinforced construction are the Ferro- 
Concrete Construction Co., of Cincinnati. The 
architect is Gustave W. Drach. C. W. Marx is 
consulting engineer. 


Excavation of the West Neebish Channel, 
Near Sault Ste. Marie. 


The improvement of the West Neebish chan- 
nel of the Saint Mary’s River has been under- 
taken by the United States government to in- 
crease the capacity of the connection between 
Lake Superior and Lake Huron which already 
exists in the river and canal. ‘The traffic here 
is much greater than is generally known, amount- 
ing to 43,000,000 tons during the eight months of 


navigation in 1905: The river at this point has 
a bed of Niagara limestone with the usual hori- 
zontal stratification in which the improvement at 
the Rapids is known as the West Neebish chan- 
nel. It is calculated that 1,800,000 cu. yds. of 
excavation will be required of which 1,600,000 
yds. will be solid rock. It is estimated that four 
years are required for the execution of the work 
although at the present rate it would be com- 
pleted many months sooner. The channel, 2%4 
miles long, 22 ft. deep below extreme low water 
and \300 ft. wide, will be excavated with verti- 
cal sides in a maximum cut of 26 ft. which di- 
minishes to o at both ends. The edges of the 
cut are surmounted by walls .of cyclopean stone 
with the tops 6 ft. above low water, thus giving 
it a maximum height of 32 ft. at the ends of 
the cut. 

The contract for the rock excavation at the 
rapids proper was awarded to the MacArthur 
Brothers Company, Chicago, and the unique 
method of work adopted by them was designed 
by Mr. A. F. MacArthur, general manager. The 
first step was to close the river by a temporary 
dam thrown across the river at a point as far 
upstream as the depth of the water permitted 
of economical construction, taking advantage of 
the numerous small islands that divided the shal- 
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low stream into a number of channels. After 
the upper temporary dam, the principal object 
of which was to stop the current, had been com- 
pleted, a second, the lower temporary dam, was 
built, enclosing about a quarter of a mile of 
the channel to be excavated and of a width suf- 
ficient to permit the cableways to occupy this 
ground when this area should be unwatered. 
This area between the temporary dams was 
‘then unwatered and work by hand and tem- 
porarily installed machinery commenced and car- 
ried on pending the installation of the permanent 
plant. 

Before the temporary dams were completed, in 
fact, as soon after the opening of the work 
as it could be arranged, the construction of the 
permanent dams, which are characteristic fea- 
tures of this work, was commenced. The upper 
permanent dam was commenced first, and prac- 
tically the same method of construction was 
followed a little later on the lower permanent 
dam. This consisted of an earth embankment 
with side slopes of about 2:1, the base of which 
was built on the selected line of the dam by 
means of dump scows depositing material 
dredged from the channel where possible, out- 
side of the dams. The top of the embankment 
was filled out by depositing material lightered 


Fig. 12. Concrete Pickling: Vats. 


by deck and pocket scows, from dredges at work 
in convenient places and from borrow-pits on 
shore. In the case of the upper dam this top- 
ping material was unloaded from the scows to 
the dam by hand and by means of a floating 
orange-peel dredge. After the bank had been 
strengthened by a continuation of this process till 
it had an elevation of 6 ft. above the water 
level and a top width of not less than 10 ft., 
the water side was rip-rapped with one-man size 
stone to prevent erosion by wave action. 

In the fall, before much freezing takes place, 
which in *this region is preceded by a consid- 
erable snowfall,.the dams are thoroughly coy- 
ered with brush, fastened down with wire and 
stones, which catch and hold sufficient snow 
to prevent serious freezing of the ground be- 
neath. It is believed that if the dam’ above the 
water ‘level freezes, there will be a plane of 
cleavage introduced which would assist the en- 
trance of water, and the possible destruction of 
the dam. The upper dam, 1,900 ft. long, built in 
18 ft. of water, has successfully performed its 
duty for fourteen months without any indication 
of weakening. 

The lower permanent dam was nearly completed 
last winter by topping out the embankment 
through the ice from a convenient borrow-pit 
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on shore, and later in the spring was finished 
with material brought by a track and dump cars 
from the same pit. The maximum depth of 
water at the site of this dam was 26 ft., its 
length is 2,600 ft., top width about 15 ft. and 
height above water, 5 ft. Otherwise it is of the 
same material and has been treated in the same 
manner as the upper dam and although the pres- 
ent winter is its first there is little apprehension 
felt as to its resistance. 3 
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the edge of the cut and the tower track to de- 
posit between it and the required fill all of the 
spoil remaining except enough to make a fill 
6 ft. deep and 50 ft. wide on the west bank of 
the cut. 

In accordance with these considerations one 
pier of the cableways was designed by Mr. Frank 
B. Knight with a span of 1,100 ft. with the tail 
tower 201% ft. over all from the west side 


of the cut, thus leaving a clear space of about 


Sixty-five Ton) Traction Shovel:with Stone<Exceeding Three Cubic Yards in Dipper. 


The material used in the construction of these 
dams was clay, gravel and boulders as it came 
from the bottom of the river by dredging, except 
the top which was sandy clay with some gravel 
and boulders from borrow pits on shore. 

In ‘the winter a gang is employed in cutting 
a relief gap in the ice in front of the dam to 
prevent the thrust of ice doing any damage to 
its rip-rap or crest. 

The upper basin, the area between the crest 
of the rapids and the upper dam, was unwatered 
by two 12-in. centrifugal pumps and the lower 
basin by one 12-in. and one 18-in. centrifugal 
pump, since which time, notwithstanding this 
area is a river-bed, a 12-in. pump at each dam, 
working half-time has been able to keep the 
work so dry that water has to be pumped to the 
drills. 

At the north end of the channel the contract 
requires that the approximately level surface of 
the rock shall be filled with the excavated ma- 
terial to a depth of 6 ft. for a distance of 300 
ft. from the east side of the cut and for a dis- 
tance of 50 ft. from the west side. At the 
south end of the cut one of the summer resi- 
dences on the east side has rights for a steam- 
boat wharf and channel close to the cut so 
that the government fill of 6 ft. is here limited 
to a very narrow strip on the east side of the 
river and there is no room for a large spoil 
bank at this place. It was necessary to deposit 
nearly 100 cu. yds. of spoil per lin. ft. of exca- 
vation on the east bank at the north end of the 
cut to make the 6-ft. fill, and as this material 
could be most conveniently dumped at the head 
tower end of the cableway, it was advantageous 
to locate the head tower on this side of the 
cut and to remove it enough farther from the 
cut so that there would be room left between 
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will move north to the end of the work. At the 
same point two other cableways of 800 ft. span 
were started to move southward and are ar- 
ranged with their tail towers on the east side of 
the cut and close to it while the head towers on 
the west side are about 450 ft. in the clear from 
the edge of the cut leaving ample space there 
for a 6-ft. fill about 60 ft. wide required there 
by the government and for a spoil bank with 
a cross section of 11,241 sq. ft. between it and 
the tower. 

A 6-ft. fill over 100 ft. wide is also required 
on the east side of the cut at the south end 
and it will be made by dumping a sufficient 
quantity of spoil in the narrow space between 
the tail tower and the cut. This spoil will at 
first form a bank considerably more than 6 ft. 
high which will be leveled off to the required 
uniform height after the tail tower has passed 
and its tracks have been removed. In the cal- 
culation of the cableway spans and arrangements 
of their tracks it has been estimated that the 
rock in the skips and buckets will occupy about 
1.8 times the space it occupied in place and 
that in the spoil banks it will be somewhat com- 
pacted and will only occupy 1.6 times the space 
it occupied in place. - - 

As this cut is obviously comparable in magni- 
tude and character with that of the rock sec- 
tions of the Chicago drainage canal it is of in- 
terest to note that in the latter case the cable- 
ways" averaged about 7oo ft. span with towers 
generally 73 or 93 ft. in height. These -cable- 
ways, however, have all of their towers 103 ft. 
high with bases of the same size as those of the 
drainage canal. All of their other dimensions, 
however, as well as their capacities are about 
50 per cent. larger than those for the former 
work. 

In each cableway tower the inclined main 
posts are made with 1I2x12-in. timbers spliced 
and each face is divided by horizontal 4x12-in, 


View Downstream Over the West Neebish Channel Cut. 


40 ft. between it and the edge of the fill re- 
quired by the government. On the east side 
the head tower is about 760 ft. over all from the 
edge of the cut, allowing space between it and 
the 300-ft. government fill 6 ft. high for a spoil 
bank with across sectional area of 2,700 sq. ft. 
These two cableways were started at station 550, 
where the depth of the cut is a maximum, and 


braces into panels from 12 to 14% ft. high which 
are X-braced with 4x1I2-in. diagonals, all of the 
connections being secured with 34-in. bolts. Each 
tower has 36 wheels traveling on five lines ‘of 
rails arranged to make standard gauge tracks 
38 ft. 8 in. apart on centers under the tower. 
The three rails forming the track under the 
ballast boxes are 49% ft. on centers from the 
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outer tower track. The base of the tower is 
about 107 ft. long over all. 

The main cable is a patent locked steel rope 
of 212 tons ultimate strength and has a diam- 
eter of 2% in.; the largest size made. The car- 
riage and hoisting tackle are operated by a Lidg- 
erwood engine with two 12%-in. diameter cyl- 
inders and 15-in. stroke. It has double drums 
60-in. in dameter and uses compressed air at 
from 90 to 100 lbs. pressure. Each cableway is 
operated by one engine man, one signal man, 
and three men to hook on buckets, besides which 
the four cableways together require two riggers 
and a small track gang. 

The excavation is made with vertical chan- 
neled sides in two lifts of approximately equal 
height. The spoil from the first lift is handled 
by one of each pair of cableways which is closely 
followed by the other cableway of the same span 
removing the spoil from the lower lift. The rock 
is removed in 8x8-ft. steel skips 30-in. deep which 
have a capacity of 2%4 yds. of rock in place and 
were manufactured by Heggie Bros., Joliet, Ill. 
They are hoisted at a speed of 300 ft. per min- 
ute and are traversed at a speed of 12 to 1,500 
ft. to the spoil banks where they are emptied by 
an aerial dump operated by the engine man in 
the head tower. On one cableway the carriage 
has made in to hrs. 251 trips carrying an aver- 
age of 234 cu. yds. at each trip, making a total 
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of 690 yds. of rock transported from the cut to 


the spoil bank in a single day. It is therefore 
considered a reasonable estimate that under fav- 
orable conditions with no delay for loading or 
waiting each cableway could maintain a delivery 
of from 700 to 800 cu. yds. of rock in place in 10 
hounsme 

A notable innovation of rock excavation meth- 


‘ods is the use of the steam shovels to handle 


the rock as shattered at the working facé and 
loaded directly into the cableway skips. These 
steam shovels being mounted on traction wheels 
with tires 30 in. wide are independent of track 
laying and can readily follow the receding face 
of the excavation, moving along as the spoil is 
cleared up without waiting for new tracks to 
be laid. Their powerful 2%-yd. dippers, having 
the ability to engage the corners of large pieces 
of rock, are able to frequently place 3 or 5-yd. 
pieces in the cableway skip, thus saving a large 
amount of block blasting and increasin& the rap- 
idity of loading. The shovels which are used 
for loading the skips on three of the four cable- 
ways have demonstrated great economy of cost 
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as well as increased capacity over the usual 
method of mucking the material by hand. No 
labor is required for them except that of the 
shovel crews and it is an astonishing fact that 
one shovel can load more material into the skips 
than a gang of 60 men previously loaded into 
them by hand. The cableways have proved amply 
competent to remove all of the material that the 
shovel can load, and it has been stated on good 
authority that this plant has made a new record 
in canal construction and rock excavation. 

The equipment on this work includes a 1,000- 
h.-p. Ingersoll-Rand compressor plant, with the 
necesary pipe lines, operating two Lidgerwood 
cableways of 800-ft. span each, traveling south- 
ward, and two of 1,100-ft. span going northward, 
four channellers, of Ingersoll-Rand and Sullivan 
Machinery Co.’s make, a sufficient number of 
drills, pit pumps, etc. Besides the two pumps 
at the dams, the three 65-ton Marion shovels 
mounted on traction gear with tires 30 in. wide, 
are operated by steam. »One of these shovels has 
handled over 1,000 cu. yds. of rock a day of two 
10-hour shifts and maintained that rate for 25 
successive days. : 

The removal of the material outside of the 
dams is being done with Edward Brothers’ new 
dredge “Majestic.” The work inside the dams 
is being done for and under the supervision of 
MacArthur Brothers Co., by the firm of Grant 
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Smith & Co., of which, a member, Mr. C. H. 
Locher, is the manager at West Neebish and per- 
sonally supervises the installation, the operation 
of the plant and the prosecution of the work. It 
is Owing to his experience and the application of 
the cableway, his favorite system, in conjunction 
with the use of steam shovels, that the work has 
been so successfully prosecuted. 


Tue Cost or Power from the plant of the Chi- 
cago Drainage Canal, at Lockport, described in 
The Engineering Record of Feb. 17, has been 
fixed at $26.40 per horse-power year for 24-hour 
service, and $20 for 12-hour service. This is the 
cost at the substation at West Forty-eighth Ave., 
Chicago, and all charges for transmission beyond 
that point must be borne by the purchaser. 


Detail at A 
Plan 


323 


Works for the Control of the Wag Water 
River. 
By J. Monk Fletcher. 


On the north side of the island of Jamaica are 
many comparatively large rivers which, during 
the rainy seasons, attain considerable volume 
and, having a rapid fall, flow with great veloc- 
ity after a heavy rain, causing constant erosion 
of the banks and rendering necessary controlling 
works from time to time. The Wag Water 
River in dry weather is a small stream, but 
after heavy rain has fallen for a few hours in 
the hilly country through which the stream flows, 
it becomes a dangerous, rapidly flowing river 
4 to % a mile wide and of considerable depth. 
For the last two miles of its course the river 
flows through a wide plain composed of alluvial 
deposit, and in former years it has frequently 
changed its course through this plain. 

The railway connecting the south side of the 
island with the northeastern coast is carried 
across the plain on an embankment which crosses 
an old course of the river, and the junction road 
from the metropolis, Kingston, to the north side 
of the island, runs for some distance alongside 
the right bank of the river. The latter is crossed 
near its mouth by a steel trussed bridge consist- 
ing of two 130-ft. spans and one 180-ft. span, 
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carried on concrete abutments and piers built on 
caisson-sunk concrete foundations carried well 
down below the bed of the river. This bridge 
carries both the railroad and an important main 
road along the north coast of the island. 

For some years the river has been gradually 
changing its course, threatening to break away 


. towards the old course, mentioned above, leav- 


ing the bridge high and dry and destroying the 
embankment which carries the railway. Many 
deviations of the-main junction road have been 
made, but the river still continued to erode its 
right bank and to approach the old channel. 
Small groins of various kinds have been con- 
structed from time to time, but these have been 
carried away and failed to keep the river to its 
course. The river had changed its course to 
such an extent that it at last flowed for some 
distance across the practically level plain almost 
parallel to and at no great distance from the 
railway embankment and was within a few chains 
of the old course before mentioned. This con- 
stituted an immediate and serious danger, ren- 
dering control works of magnitude absolutely 
necessary to confine the water to the channel 
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under the bridge and preserve the railway em- 
bankment running across the plain. 

Upon the left bank of the river is a low range 
of hills running parallel with its course and con- 
tinuing as far as the bridge, the left abutment 
of which is built against the foot of these hills. 
At one time the river evidently ran close to the 
foot of these hills, and an old channel still re- 
mained into which the river overflowed when in 
flood. 

On the right bank and about one mile above 
the bridge is a rocky spur of a range of hills 
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walings and are level with the top side of the 
walings. This sheet piling is intended to pre- 
vent any scouring by the river under the con- 
crete panelling. 

The cement concrete panels rest on the hard- 
wood walings and are built between the flanges 
of the steel piles. The concrete is flush with the 
faces of the steel piles at back and front, and 
extends up to the steel waling on the top of 
the steel piles. The concrete is composed. of 
clean river gravel and sand obtained from the 
bed of the river and Portland cement mixed in 


running roughly at right angles to the range 
of hills mentioned above. After passing this 
point, which is known as “Jack’s Rock,” the river 
winds its devious course through the level plain 
to the sea, about two miles away. At Jack’s 
Rock the river is confined to a space little wider 
than the width of the river when in flood. 

It was decided that a proper and sufficient con- 
trol of the river would be obtained by the con- 
struction at this point of a training wall of suf- 
ficient length and strength and at a suitable an- 
gle to direct the river through a short artificial 
cutting into the old channel at the foot of the 
hills on the left bank, which it is expected it 
will follow to and through the bridge. This 
training wall and the short artificial cutting have 
now been completed, and as far as can be seen 
the control of the river is established. 

The training wall is 990 ft. in length and is 
constructed of earth supported and protected 
on the river face by a Portland cement concrete 
panelling 7 in. thick between 7x4-in. rolled steel 
I-beams driven as piles 6 ft. apart between cen- 
ters along the line of the wall. 

The piles are 18 ft. long and are driven 7 ft. 
6 in. below the bed of the river, with a batter 
on the face of 1 in 6. Each pile is anchored 
back to a % cu. yd. block of concrete, buried 
in the ground under the embankment, by a I-in. 
round iron rod. A 7x4-in. steel I-beam is fixed 
upon the heads of the steel piles as a waling 
and secured by bolts and plates, as shown in 
the details. Between the piles, at a depth of 
3 ft. 6 in. below low water level, native hardwood 
waling pieces are fixed, against which native 
hardwood sheet piles are driven along the whole 
length of the groin to a depth of 7 ft. 6 in. be- 
low the bed of the river. The heads of the 
steel piles rest against and support the hardwood 
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was carried up to a height of 5 ft. above the 
steel and concrete facing, with a top width of 
3 ft. and side slopes of 1% to 1. 

The work was begun and completed during 
the dry season which, fortunately for the work, 
was an exceptionally long one, so no trouble was 
experienced from the river. 

The steel piles and hardwood sheet piling 
were driven by ordinary pile machines worked 
by hand labor. Very little difficulty was expe- 
rienced in driving the steel piles, but some trou- 
ble was experienced with the sheet piling through 
encountering boulders. About 35 tons of steel 
and wrough iron, 322 cu. yd. of concrete, 21,800 
ft. B. M. of hardwood lumber were used, and 
10,908 cu. yd. of material filled in the embank- 
ment. The total cost of the work completed is 
about $12,350. 

The designs for the work were prepared in 
the Public Works office in Kingston, under the 
direction of the Hon. V. G. Bell, C. M. G., the 
director of Public Works of the Colony, and 
the work was carried on by task and day labor 
under the management of Mr. D. L. Feurtardo, 
Superintendent of Public Works for the Parish 
of St. Mary. 


Waterproofing a Printing Office Floor. 


The accompanying illustration was taken dur- 
ing the process of waterproofing the floors of a 
large printing office in Brooklyn, and shows a 
new method of securing a low insurance rate. The 
use of waterproofing papers in floors of manu- 
facturing and warehouse buildings of mill con- 
struction has long been practiced, but such con- 
struction does not meet the full requirements of 
the fire underwriters in cases where a large 
amount of valuable stock is carried which will 
be injured if water reaches it. The building in 
Brooklyn has six floors measuring approximately 
72x120 ft. These were covered with two ply of 


Method of Repairing Break at Culvert, Charleston Dry Dock. 


the proportion of one of cement to four of sand 
and eight of stones. 

A cross section and details are given showing 
the method of construction. 

After the concrete was thoroughly set, the 
earthen embankment was filled in at the back; 
the material for this being obtained from the 
cutting which was made to connect the river 
with its old channel. The earthen embankment 


Hydrex felt cemented together with Hydrex com- 
pound. In this system of waterproofing special 
attention is paid to the finish at the walls and 
columns, and in this case the waterproofing was 
turned up 2 in. around all such places, being 
protected at the angle by a small baseboard or 
wooden strip. The use of this system of water- 
proofing resulted in a reduction of 5 per cent. 
in the insurance rates in the building. 


Marcu 3, 1906. 


The Construction of the Charleston Dry 
Dock. 


Dry Dock No. 1, at the Charleston, S. C., navy 
yard, a description of which appeared in The 
Engineering Record of March 4, 1905, is rapidly 
nearing completion. Bids for the caisson have 


been asked by the government, and it is pro- 
posed to add to the contract of the New York 
Continental Jewell Filtration Co., the pump well, 
the valve terminal of a double 36-in. syphon line 
extending through the north wall of the dock, 
and some extra crane track. The progress of 
the work was seriously hampered in May and 
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ft. and a width of 13 ft., completely back to the 
sheet piling. This was timbered on 8-it. vertical 
centers and 4 ft. horizontal centers of support; 
12x12-in. pine range timber, 14x14-in. jack timber 
and 16-in. diameter pine struts (12 ft. long from 
ranger to jack timber and 25 ft. long trussed 
from jack timber to final support on concrete 
floor of dock) being used. 

On Sept. 28 of last year the excavation had 
been nearly completed in the culvert and side 
wall and floor excavation had been completed 
to the end of the dock. There were several sheet 
piles broken in the driving which were all but 
uncovered in excavating. Ground water caused 


Present Condition of Gharleston Dry Dock. 


June by a controversy over waterproofing ma- 


terial and in August by the addition of a double 
36-in. pipe line embedded in the north wall; and 
in October by a slide of some 10,000 ‘¢u. yd. of 
mud, , During the early part of last year Mr. 
F. J. Boas, 14 South Broad St., Philadelphia, 
Pa., on acount of stress of consulting and per- 


sonal work, found it impossible to longer continue , 


active supervision of the operation and the work 
has since been carried-on by Mr. Henry M. 
Dougherty as engineer in charge. 


The average section of side wall excavation 
shows 34 ft. of wet and very mobile marsh mud, 
overlying 6 ft. of sandy clay, which in turn over- 
lies marl. In many places there is a thin stratum 
of fine running sand between the marl and the 
sandy clay. The final foundation test on the marl 
gave a bearing power of 13 tons per square foot, 
and in order to remove this material expeditious- 
ly, it was found necessary to. resort to blasting. 
The driving of the sheet piles:and the supporting 
piles for the temporary falsework has made 
faults in. the marl at an angle of about 45 deg. 
downward toward the floor of the dock, into 
which mud is washed by ground water and rains. 
There is thus an ever-present tendency for great 
masses of this material to slide, carrying with it 
the falsework supporting the sheeting and the 
construction tracks. This, coupled with the facts 
that the specifications require each 9-in. layer of 
concrete to be offset 3 ft., making it necessary to 
open comparatively long stretches, and that the 
work will not stand the expense of placing con- 
crete under heavy timbering, presents a serious 
problem in the temporary support of the ground, 
which has been successfully dealt with, except 
in the instance above noted. 


At the culvert which leads to the pump well, 
the interior falsework was, of necessity, largely 
omitted for a distance of 18 ft. At this point 
it was necessary to excavate to a depth of 44 
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A notable thing about the operation is that a 
6-in. Knowles pump has always been able to take 
care of all water, even during extended periods 
of rain. 

Even with the extra work which it is. pro- 
posed to add to the contract and the delay atten- 
dant on obtaining material for it, there seems 
to be no doubt that the contractor will com- 
plete his work long before the government is 
prepared to make use of the dock. 


The Construction of the Alfred Dam. 


What is said to be the largest masonry dam, 
and the highest dam of any kind in the State of 
Maine, has been recently completed by the Lor- 
ing N. Farnum Co., 53 State St., Boston, Mass., 
for the Alfred Light & Power Co., at Alfred, Me. 
The owners are a subsidiary company of the At- 
lantic Shore Line Ry. Co., which owns and oper- 
ates some thirty-five miles of standard gauge 
electric road for passenger and freight service, 
running from Sanford, Me., to Springvale, Cape 
Porpoise, and Biddeford. The road has at pres- 
ent a 2,200-h.-p: water power plant at Old Falls 
on the Mousam River and a steam auxiliary plant 
of 500 h.-p. at Kennebunk. 

The new dam is situated on the Mousam River 
about one mile above the Old Falls plant, and 
about one-fourth of a mile from the line of the 
railroad. The valley at this point widens so that 
the dam is a comparatively long one and the 
pond formed has an area of some 500 acres with 
a length of five miles and an average depth of 
18 ft. 

The dam was built principally for storage pur- 
poses to maintain a constant flow at the Old 
Falls plant but the owners have arranged to 
install an 800-kw. plant at the new dam. Water 
for the new power house will be conveyed through 
an 8-ft. steel penstock about 150 ft. in length. 


Extreme Outboard End of Work, Charleston Dry Dock. 


mud to wash through these broken sheet piles 
and the ground gave notice of breaking through 
the cracking of timbers at about 10 o’clock that 
night and at 11 o’clock, within 25 seconds after 
the last support had given away, 11,000 yd. of mud 
had flowed into the dock, making an aperture in 
the sheet piling 18 ft. wide and carrying with 
it 56 ft. longitudinally, of the interior falsework. 
The method of closing this break is shown in 
one of the accompanying photographs. To carry 
the construction track two 56-ft. wooden deck 
trusses were thrown across the break. 


There is also a waste tube 7 ft. in diameter which 
discharges into the stream immediately below 
the dam. 

The dam is constructed of dry rubble which 
was quarried in the immediate vicinity, the down- 
stream face being built with split stone, and the 
three lower and three upper courses being laid 
in Portland cement. The upstream face is cov- 
ered with a 1:2:4 mixture of concrete 2 ft. thick, 
the concrete of the crest being 4 ft. thick and 
tapering again to 2 ft. thick at the downstream 
edge of the dam, as shown in the section. 
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Downstream Face of Dam Showing Dry Masonry 


The total length of the dam is 995 ft. with a 
spillway of 580 ft. The height of the dam in 
the deepest part of the river is 39 ft. although 
at a point about midway on the dam, the rock 
bottom laid 11 ft. below the river-bed, making 
the height at that point, 50 ft. The abutments rise 
3 ft. above the spillway. The gate frames and 
vertical racks are of steel. A single two-stemmed 
gate with heavy hoists covers each tube. 

This work was pushed with all haste in order 
that it might be completed before spring, and 
Feb. I was set as time of completion. The Lor- 
ing N. Farnum Co. signed the contract on Sept. 
9; on Sept. 13 brush cutting was commenced, 
and the first derrick was erected on Sept. 19. 
Stone laying was begun on Sept. 28 and was en- 
tirely completed on Dec. 11. Concrete was all 
placed by Dec. 20 and the entire dam completed 
and accepted by the owners on Dec. 27, earning 
for the contractors a bonus of thirty-five days. 

The following quantities were handled: Earth 
excavation, 4,173 cu. yd.; rock excavation, foun- 
dation, 50 yd.; dry rubble, 12,150 yd.; concrete, 
2,790 yd. 

The contractor’s plant included twelve steam 
derricks, eight of which were on the downstream 
face of the dam, all equipped with turning gears 
and bull wheels. The remaining four were dis- 
tributed in four nearby quarries. The stone from 
two quarries was passed into the dam directly, 
while that from the other two was delivered by 
double-track railroads operated by gravity, the 
loaded car returning the empty. 

Gravel was used in the concrete and was 
brought to the site of the dam by the electric 
road over a spur track which ran to the gravel 
bins situated on the west bank about 50 ft. up- 
stream from the line of the dam. Here the con- 
tractors had a bin, elevator, and screen. The 
gravel was shoveled from the flat cars on to an 
incline platform which fed to the elevator that 
carried the gravel to the screen, where the sand 
was separated and dumped into one bin, the 
gravel of proper size into a second bin, and the 
large stones were carried on through the screen. 

The cement shed was built on to the end of 
the bin and the concrete mixer set directly in 
front of, and a little below, these buildings. The 
gravel and sand were fed to the mixer through 
chute$ from the bin, the cement was fed to the 
mixer by hand, and the finished concrete was 
dumped into a bucket on a small flat car di- 
rectly wider the mixer, and from there was car- 
ried to the dam on a narrow gauge railroad built 
on a trestle on the upstream face, and close to 
the dam the entire length. 


Section of Alfred Dam 
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sufficient height, the stream was diverted through 
them by a cofferdam across the entire width of 
the river. In this manner the contractors were 
enabled to do the work without the aid of pumps, 
as there was sufficient fall in the river to drain 
the coffer area. 

The Farnum Company has just accepted a con- 
tract to build a large concrete dam on the Sa- 
luda River at Greenville, S. C. where it has 
moved the plant and crew which were used on 
the above work. 


Transporting Supplies from Railways to 
Site of Construction. 


A method of transporting supplies that has 
never received the attention here which has 
been given it in other countries is the train of 
wide-tired trucks hauled by a traction engine. 
Such trains were employed extensively in the 
military operations in South Africa and Man- 
churia under more severe conditions than attend 
ordinary construction work and very little 
unfavorable criticism was-passed on them. They 
are employed in lumbering operations in ‘the 
West, and on the great wheat farms they are as 
common as sulky reapers inthe East. Trucks have 
been specially designed for use in traction trains, 
and while they have been employed in this coun- 
try mainly on highway construction they offer 
an atractive means of transportation for other 
materials. A stout traction engine, equipped 
with a winch and cable for helping itself out of 
difficult places, can be used on very rough roads. 

Automobile wagons are employed considerably 
in Europe in handling supplits, but the slow 
development and high cost of such vehicles in the 
United States has debarred them from con- 
tractors’ service up to the present time. Most 


Concrete Upstream Face of Dam and Cates. 


The laborers were all housed on the work, 
there being one shanty for the Italian laborers 
and another for white laborers; about 100 of 
the former, and 150 of the latter being used in 
the busy part of the construction. 

The construction was begun on the east and 
west banks of the river at the same time. Just 
as soon as the penstocks, which are a little to 
one side of the main stream on the west bank, 
were set in place and the masonry built to a 


of the foreign motor wagons are steam driven, 
for the large gasoline engines tried for trucking 
service have apparently been too easily thrown 
out of working condition by dirt and dust. There 
is no technical reason, however, why a good 
gasoline engine for contractors’ wagons and 
launches should not be produced for sale at a 
comparatively low figure, as soon as the im- 
portance of great durability and resistance to 
shock rather than high speed is recognized. 
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